WORLD INIELLECTUAL PROPERTY ORGANIZATION 
IntenuUional Bureau 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International PiBtent ClassificatlfHi ^ : 
A61K 7/D6 



Al 



(11) International Publication Number: WO 97/33556 

(43) International Publlcation Date: 18 September 1997 (18.09.97) 



(21) International Application Number: PCT/US97/03604 

(22) International Filing Date: 5 March 1997 (05.03.97) 



(30) Priority Data: 
08/616,847 



IS March 1996 (IS.03.96) 



US 



(71) AppUcant: THE PROCI^ & GAMBLE COMPANY 

[US/US]; One Procter & Gamble Plaza, Cincinnati, OH 
45202 (US). 

(72) Inventors: MIDHA, Sanjeev; Apartment 2D, 9247 Deercross 

Parkway, Blue Ash, OH 45236 (US). BOUCH. Raymond, 
Edwanl. Jr.; 7201 Striker Road. Maineville, OH 45039 (US). 

(74) Agents: REED, T., David et al.; The Procter & (hunble 
Company, 5299 Spring Grove Avenue, Cincinnati, OH 
45217 (US). 



(81) Designated States: BR, CN, JP, MX. European patent (AT, 
BE, CH, DE, DK. ES. FI, PR. GB. OR, IE. IT. LU, MC, 
NL. PT. SE). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PERSONAL CARE COMPOSITIONS CONTAINING HYDROPHOBIC GRAFT COPOLYMER AND HYDROPHOBIC, 
VOLATILB SOLVENT 



(57) Abstract 



The present invention relates to personal care compositions, especially hair care compositions, containing non-silicone, hydrophobic 
graft copolymers and a hydrophobic, volatile solvent for the copolymer, the solvent being selected from branched chain hydrocarbons, 
silicones and combinations Hiereof. This invention also relates to hair conditioners and hair styling products such as rinses, leave-on 
conditioners, and combination shampoo products useflil for cleansing, styling and conditioning the hair. The graft polymers should satisfy 
the following three criteria: (1) the graft portion is oovalently bonded to the polymeric backbone portion; (2) the molecular wel^t of the 
graft portion is at least about 500; and (3) when used in a composition, such as a personal care composition foe application to the hair or 
skin, the polymeric backbone portion should pemiit the graft polymer to deposit on the intended surface, such as hair or skin. Preferred 
copolymers, when dried, phase-separate into a microphase whidi includes the graft portion and a microphase which includes the polymeric 
backbone portion. 
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PERSONAL CARE COMPOSITIONS CONTAINING HYDROPHOBIC GRAFT COPOLYMER 
AND HYDROPHOBIC, VOLATILE SOLVENT 



TECHNICAL f»gLP 

10 The present invention relates to personal eare compositions, especially hair care 

compositions, containing a hydrophobic graft copolymer and a hydrophobic, volatile solvent for the 
copolymer. Examples of hair care compositions to which this invention relates are hair 
conditioners and hair styling agents including rinses, leave on conditioners, and combination 
shampoo products useful for cleansing, styling and conditioning the hair. 

15 BACKGROUND OF THE INVENTION 

The use of polymeric materials in hair care products is of increasing importance. In the 
hair care area, polymers can be used for hair hold and setting products, for hair conditioning 
products, and in shampoos. For example, rinse-off hair care conditioning/styling products typically 
comprise a hydrophobic polymer which remains after rinsing the hair. The polymer is solubilized 

20 in a suitable solvent which evirates to leave the polymer treated hair. The solvent must be one in 
which the polymer is substantially soluble (i.e., the solvent is generally hydrophobic). 

A hair styling polymer should provide certain styling benefits. For example, the styling 
polymer should not leave the hair feeling and looking coated. Also, the styling polymer should 
have sufficient adhesion without being unduly brittle such that the hair can be restyled, e.g. with 

25 heated implements, and then maintain the new style. Still in addition, the styling polymer should 
be deliverable from a shampoo matrix, i.e., it should deposit on the hair during the washing process 
and remain behind on the hair fibers. Therefore, in the hair styling area, it is desirable to provide 
polymers which provide improved styling benefits and which can be delivered from a wide variety 
of matrices, including rinses, leave-on compositions, and shampoos. It is also desirable to provide 

30 hair styling compositions which have improved hair feel performance (after application and drying 
of such compositions) at a particular level of hair conditioning or conversely, improved hair 
conditioning for a particular level of hair feel performance. 

It is well known that polymers can be modified by the incorporation or grafting of 
silicone. Such polymers have been used heretofore m hair care compositions. See, e.g., U.S. 

33 Patent No. 5,106,609, to R.E. Bolich Jr., et al. issued April 21, 1992; U.S. Patent No. 4,693,935, to 
Mazurek, issued September 15, 1987; PCT application No. US 94/08031, published February 16, 
1995, and PCT application No. US 94/09503, published March 2, 1995. Silicone grafted polymers 
tend to have a low surface energy and provide unique aesthetic and formulation advanuiges not 
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usually obtained from non-silicone grafted polymers. Nonetheless, for improved hair 
adhesion/hold, conditioning, industrial hygiene, formulation opportunities, and/or economics, it is 
desirable to have alternative, non*silicone polymer based compositions which meet or approach the 
hair feel properties provided by silicone polymer based materials. 
5 Non*silicone, hydrophobic graft copolymers are well tcnown in the art, but have not been 

used for personal care applications, such as hair care products. See, e.g., Chemistry and Industry of 
Macromonomers, Yuya Yamashita (ED.), Huthig & Wcpf, New Yoric, 1993; and Macromolecular 
Design Concept and Practice, Munmaya K. Mishra (Ed.), Polymer Frontiers International, Inc. 
New York, 1994. Despite the advantages that non-polar graft copolymers can provide, these 
10 materials are generally difficult to formulate in solvents used in the personal care industry. It has 
been foimd, however, in the present invention that the use of certam hydrophobic, volatile solvents 
provides a highly desirable basis for these compositions. The resulting compositions have good 
styling and conditioning performance and have a highly desirable feel upon the hair, Le. they do 
not leave the hair feeling unacceptably stiff or sticky. 
IS The graft copolymers of the present invention are non-silicone, hydrophobic materials, 

being relatively insoluble in water and/or alcohol and having certain thermomechanical properties. 
These characteristics make these copolymers highly useful for formulation in hair care products. 

It is an object of the present invention to provide novel hair care compositions containing 
non-silicone, nonpolar graft copolymers. 
20 It is another object of die present invention to provide novel haur care compositions having 

improved style and hold benefits. 

It Is another object of the present invention to provide novel hair care compositions having 
improved conditioning benefits. 

These and other objects will become readily apparent from the detailed description which 

25 follows. 

SUMMARY OF THE INVENTION 
The present invention relates to personal care compositions, preferably hair care 
compositions, comprising: 

(A) a graft copolymer having a polymeric backbone and a hydrophobic polymeric side chain 
30 grafted to the backbone, said copolymer formed from the copolymerization of randomly repeating 
A monomer units and B macromonomer units wherein said copolymer comprises: 

(i) fixmi about 30% to about 95% by weight of said A monomer units, wherein said A 
monomer units are monomer units copolymerizable with said B macromonomer 
units; and 

35 (ii) from about 5% to about 70% by weight of said B macromonomer units, wherein 

said B macromonomer units are hydrophobic macromonomer units having a 
polymeric portion and a moiety copolymerizable with said A monomer units; 
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wherein said A monomer units, in conjunction with said copolymerizable moieties of said B 
macromonomer units, form said polymeric backbone: wherein said polymeric poition of said B 
macromonomer units forms said hydrophobic polymeric side chain(s): wherein said copolymer has 
a weight average molecular weight greater than about 10,000; and 
5 (B) a hydrophobic, volatile solvent for said copolymer suitable for application to the hair, the 
solvent being selected from branched hydrocarbons, silicones and combinations thereof. 

The copolymer may exhibit at least two distinct Tg values, the first Tg conisponding to 
said backbone and having a vahie of at least about 25»C. preferably at least about 30«C; the second 
Tg coiresponding to the hydrophobic polymeric skie ehain(s) and having a value of less than about 
10 10°C, preferably less than about 0«C. 

The present invention also relates to personal care compositions, preferably hair care 
compositions, comprising: 

(A) a graft copolymer having a polymeric backbone and grafted to the said backbone, the 
copolymer formed from the copolymerization of randomly repeating A motiomer units and B 
macromonomer units wherein said A monomer units are at least one monomer unit 
copolymerizable with said B macromonomer units and selected from the group consisting of 
acrylic acid esters; methacrylic acid esters; N-alkyI acrylamides; vinyl compounds, vinylidene 
compounds; unsaturated hydrocarbons (e.g.. olefins, including straight chain, blanched chain, and 
cycloaliphatfc olefms and aromatic ethylenically unsaturated compounds); Ci-C|g alcohol esters of 
organic acids and organic acid anhydrides; and combinatkms thereof; 

B is a macromonomer unit copolymerizable with said A monomer unit, and coitesponding to the 
formula (I) or (II): 
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I_f-CH2 C_2_E . 

i m ' 



to 



wherein: 

"a" is an integer of about 50 or greater, and "b" is. on average, an integer of about 1 or greater; 
r1. r\ k\ and are, independently, H or Ci to C5 straight or branched alkyl group; 
5 R^-HorCi toCgalkyl; 
R7==C4toCjg; 

i and k arc, independently, an integer of about 1 or greater; 
j and I are, independently, an integer of about 0 or greater, 
10 m is an integer fiom 10 about 2000. preferably from about 15 to 300, and more preferably ftt>ro 
about 20 to about 230; and 

E and I are as defined herein. 1 preferably selected from the group consisting of hydrogen, CMC 
straight or branched chain alkyl. benzyl, l-phenyl substituted C2-40 straight or branched chain 
alkyl. 1,1-diphenyl substinited C2-40 straight or branched chain alkyl. and mixnires thereof and E 
15 preferably an eAylenically unsaturated moiety, copolymerizable with the A monomer unit, selected 
from the group consisting of acrylamide. methacrylaroide, vinyl, allyl, acryloyi, methaciyloyl, 
ethaciyloyl, 2-vinylbenzoyl, 3-vinylbenzoyl. 4-vinylbenzoyl; 2-vinylbenzyl, 3-vinylbenzyl, 4- 
vinylbenzyl, l-butenyl. 1-propenyl. Isobutenyl. isoprenyl. cyclohexenyl, cyclopentenyl. and 
mixtures thereof; and 

20 (B) a hydrophobic, volatile, solvent for the copolymer which is suitable for application to the hair, 
the solvent being selected from branched hydrocarbons, silicones and combinations thereof 
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The B macromonomer unit can be a homopolymeric macromonomen or a copolymeric 
macronsonomer containing two or more different randomly repeating monomer units. 

In further embodiments, the present invention relates to methods for styling, holding, 
and/or conditioning hair comprising application of the compositions of the present invention to the 
S hair. 

All percentages and ratios used herein are by weight of the total composition and all 
measurements made are at 25 C. unless otherwise designated. The invention hereof can comprise, 
consist of, or consist essentially of, the essential as well as optional ingredients and components 
described herein. All documents referred to herein, including all patents, patent applications, and 
10 printed publications, are hereby incorporated by reference in their entirety in this disclosure. 

DETAILED DESCRIPTION OF THE INVENTION 
"Graft copolymers** is a term familiar to those of ordinary skill in polymer science and is 
used herein to describe copolymers which result by adding or "grafting" a polymeric chemical 
moiety (i.e.. "grafts") onto another polymeric moiety commonly referred to as the "backbone". The 
15 backbone typically has a higher molecular weight than the grafts. Thus, graft copolymers can be 
described as polymers having pendant polymeric side chains, and as being formed from the 
"grafting" or incorporation of polymeric side chains onto or into a polymer. The polymer to which 
the grafts are incorporated can be homopolymers or copolymers, e.g., linear random or block 
copolymers. Such copolymers are derived from a variety of monomer units. 
20 Thus, the graft copolymers of the present invention can be prepared fitmi the 

copolymerization of monomer units and macromonomer units such that the macromonomer units 
are "grafted" or incorporated into the polymer formed from the monomer units. The term 
"macromonomer" is one familiar to those of ordinary skill in polymer science, and is used to 
describe a polymeric material containing a polymerizable moiety. In other words, a 
25 macromonomer is a macromolecular monomer, which is essentially a high molecular weight type 
of monomer building block unit which can be used in a polymerization reaction to form polymers 
with itself, with other monomers, or with other macromonomers. 

The term "hydrophobic" is used herein consistent with its standard meaning of lacking 
affinity for water; whereas "hydrophilic" is used herein consistent with its standard meaning of 
30 having affinity for water. As used herein in relation to monomer units, polymeric materials 
(including the macromonomers and graft copolymer), and solvent for the graft copolymer, 
"hydrophobic" means substantially water insoluble; "hydrophilic" means substantially water 
soluble. In this regard, "substantially water insoluble" shall refer to a material that is not soluble in 
distilled (or equivalent) water, at 25*>C, at a concentration of 0J% by weight, and preferably not 
35 soluble at 0. 1% by weight (calculated on a water plus material weight basis). Such water insoluble 
materials are typically nonpolar. Similarly in this regard, "substantially water soluble" shall refer to 
a material that is soluble in distilled (or equivalent) water, at 25*'C, at a concentration of 0.2% by 
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weight, and arc preferably soluble at 1.0% by weight. The weight average molecular weight for 
purposes of determining substantial water solubility or Insolubility of a polymeric material shall be 
about 10,000, although solubility at higher molecular weight shall also be indicative of solubility at 
about 10,000. "Soluble", "solubility" and the like for purposes hereof corresponds to the maximum 
5 concentration of monomer or polymer, as applicable, that can dissolve in water or other solvent to 
form a solution that is substantially clear to the naked eye, as is well understood to those skilled in 
the art. The aforementioned definitions shall also apply to other materials so described herein, to 
the extent any other definitions regarding such materials are consistent with those stated above. 
Graft Copolymers 

10 The hair care compositions of the present invention comprise a graft copolymer. In 

general the hair care compositions comprise from about 0.1% to about 25%, preferably from about 
0.5% to about 20%. and more preferably from about 0.5% to about 10%. and most preferably from 
about 1% to about 5% of the graft copolymer, by weight of the total composition, although higher 
or lower amounts can be used depending upon the application. 

15 The graft copolymers of the present invention are characterized by having a relatively high 

strength, high Tg polymeric backbone with a low Tg, hydrophobic polymeric side chain covalently 
bonded to and pendant from the polymeric backbone (the hydrophobic side chain is grafted to the 
polymeric backbone). This combination of polymeric moieties in a single copolymer provides the 
unique and usefiil properties of these materials. As will be clear to one skilled in the art and 

20 especially from the synthetic examples, the graft copolymer may have one or more hydrophobic 
side chains grafted to the backbone. In addition, the compositions of the present invention may 
include, in addition to the graft copolymer, corresponding copolymers having no hydrophobic side 
chains grafted to the backbone. (As known in the ait, synthetic graft copolymcri2ation processes 
may produce a mixnire of polymer molecules containing no, one, or more than one hydrophobic 

25 side chain covalently bonded to and pendant from the polymeric backbone. From knowledge of the 
amount and number average molecular weight of hydrophobic side chains in a polymer sample, 
and the number average molecular weight of the polymer sample, it is possible to calculate the 
average number of hydrophobic side chains per polymer backbone.) 

Tg is a well known term of art in polymer science used to describe the temperature at 

30 which a polymer or portion thereof undergoes a tnmsition firom a solid or brittle material to a liquid 
or rubber-like material. Glass transition temperatures can be measured using standard techniques 
that are well known to the polymer scientist of ordinary skill in the art. One particularly uscftil 
technique for determining glass transitions is differential scanning calorimetiy (also known as 
DSC). The glass transition phenomenon in polymers is described ui lntro^^ct^o^ to PolYmer 
35 <;H.nr^ und Technd n pr A» Textbook, (eds. H.S. Kaufman and J.J. Falcetta), (John Wiley & 
Sons: 1977). 

The Tg of the backbone of the copolymers herein (I.e. that part of the copolymer not 
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containing the hydrophobic side chains) should be at least about 25°C. Preferably this T„ is 

0 0 o ^ 

greater than a^ut 30 C, more preferably from about 30 C to about 200 C, even more preferably 

from about 30 C to about 175 C, and most preferably from about 35*^C to about 150**C. The Tg 

of the^hydrophobic side chains should be less than about lOX, preferably from about 0°C to about 

5 -130 more preferably from about -20 C to about -125^C» and most preferably from about • 

45 C to about -120 C. The aforementioned TgS of the backbone polymer and of the hydrophobic 

side chains can be determined on a thin film of the polymer fonned solely from the A monomer 

units or a thin film of the B macromonomer unit prior to copolymerization with the A monomer 

units. 

The copolymers of the present invention may exhibit at least two distinct, immiscible, 
interspersed mtcrophases. Without being limited by theory, it is believed that the hydrophobic side 
chains of the copolymers are closely associated with each other and thereby exist substantially in 
one microphase, while the backbone of the copolymer remains substantially in a separate 
microphase. It is believed that diis phase separation property provides a specific orientation of the 
15 graft polymer which results in a desirable combination of tactile feel and fibn-foiming or adhesive 
benefits. 

Microphase separation properties of the graft copolymer can be determined by the 
following method. The polymer is cast as a solid film out of a solvent (i.e.. a solvent which 
dissolves both the backbcme and the graft portions). This film is then sectioned and examined by 

20 transmission electron microscopy. Microphase separation is demonstrated by die observation of 
inclusions in die continuous phase. These inclusions should have die proper size to match die size 
of the graft macromonomer chain (typically a few hundred nm or less) and the proper density to 
match the amount of macromonomer present. This behavior is well documented in the literature 
for polymers with this structure (see, for example. S. D. Smith, Ph.D. Thesis. Univeisity of 

25 Virginia, 19S7, and references ched dierein, said thesis and references incorporated by reference 
herein). 

A consequence of this jrfiase immiscibility is that the graft copolymer may exhibit at least 
two distinct glass transition teraperamres or, "Tg's^ namely one Tg for die backbone and one Tg 
for die hydrophobic side chain(s) formed by the B macromonomeis. 

30 In addition, when the graft copolymer exhibits at least two such Tg s and die ratio of die 

backbone to die grafts Is from about 50-90% backbone, 20-50 wt% grafts, die hydrophobic grafts 
lend to microphase separate to form rubbery domains widiin die backbone matrix. Widiout 
intending to be limited by dieory, it is believed dial diese rubbery domains act as energy dissipating 
sites and decrease die brittleness of die polymer film. Such graft copolymers tend to have bodi a 

35 relatively high polymer extension/fiexibility at break and an acceptable tensile strengtfi. Such 
energy dissipation and Its effects on polymer physical properties is described in Mechanical 
Properties of Polymers and Composites, Second Edition, L. E. Nielsen and R. F. Landel; Marcel 
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Dekker, Inc., New York 1994. 

The copolymers of the present invention have a weight average molecular weight (in 
grams/mole) of at least about 10,000. There is no upper limit for molecular weight except that 
which limits applicability of the invention for practical reasons, such as viscosity, processing. 
5 aesthetic characteristics, foimulation compatibility, etc. The weight average molecular weight is 
generally less than about 5,000,000, more generally less than about 2»5OO,000, and typically less 
than about 1,500,000. Preferably, the weight average molecular weight is from about 10,000 to 
about 5,000,000. more preferably from about 75,000 to about 2,000.000. even more preferably 
from about 100.000 to about 1,000,000, and most preferably from about 125,000 to about 
10 1,000.000. 

The copolymers of the present invention are formed from the copolymerizatibn of 
randomly repeating A monomer and B macromonomer units, preferably wherein the A monomer 
units are selected from at least one polymerizable. cthylcnically unsaturated monomer unit; and the 
B macromonomer units are selected from at least one hydrophobic macromonomer unit which 
15 contains a polymeric portion and a moiety copolymerizable with the A monomer units, preferably 
an cthylenically unsaturated moiety which is copolymerizable with the A monomer units. In 
preferred embodiments of these copolymers, the backbone is formed fix>m the polymerization of 
the A monomer units with the cthylenically unsaturated portion of the hydrophobic B 
macromonomer unit. The polymeric portion of the B macromonomer units forms the hydrophobic 
20 side chains of the copolymer. The A monomer units and B macromonomer units can be seleaed 
from a wide variety of structures as long as the copolymer has the required properties of solubility, 
Tg's, and molecular weights described herein. 

The A monomer units and the hydrophobic B maciomonomcr units comprise or are 
derived from hydrophobic monomers and optionally a limited amount of hydrophilic monomers. 
25 The particular relative amounts of hydrophilic and hydrophobic monomers can vary as long as the 
graft copolymer as a whole is soluble in the hydrophobic, volatile, solvent hereof. Solubility of the 
graft copolymer material (or component thereoO in the hydrophobic, volatile solvents hereof is 
determined according to whether such material can stay in solution or precipitates out of solution at 
25«C at the concentration present in a given composition. Graft copolymers that arc soluble in such 
30 solvents typically comprise from about from about 50% to about 100% by weight, of hydrophobic 
monomere and from about 0% to about 50%. by weight, of hydrophilic monomer units. 

By appropriate selection and combination of the particular A monomer units and B 
macromonomer units, and by the choice of specific relative ratios of the units well within the 
ability of one of ordinary skill in the art. the copolymers can be optimized for various physical 
35 properties such as solubility, Tg's, and the like, and for compatibility with other ingredients 
commonly used in hair care applications. 
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A Monomer Units 

The A monomer unit is selected from copolymertzable monomers, preferably 
ethylenically unsaturated monomers. Either a single type of A monomer or combinations of two or 
more A monomers can be utilized. The A monomers are selected to meet the requirements of the 
5 copolymer. By "copolymerizable*', as used herein, is meant a material can be reacted with another 
material (e.g., the A monomer and B macromonomer) in a polymerization reaction using one or 
more conventional synthetic techniques, such as ionic, emulsion, dispersion, Ziegler-Natta, free 
radical, group transfer or step growth polymerization. In the present invention, monomers and 
macromonomers that are copolymerizable using conventional free radical initiated techniques are 

10 preferred. The teim "ethylenically unsaturated" is used herein to mean a materia] (including 
preferred A monomers and B macromonomers) that conuins at least one polymerizable carbon- 
carbon double bond (which can be mono-, di-, xn*^ or tetra-substituted). The A monomer units and 
B macromonomers preferably consist of monomers that, when polymerized, form a saturated 
polymer. The A monomer units of the copolymers of the present invention can comprise from 

15 about 30% to about 95%, more preferably from about 35% to about 85%, and most preferably from 
about 50% to about 80%, by weight, of the copolymers. 

A wide variety of A monomer units can be used in the present invention, including 
mixnires of two of more monomers, so long as the Tg^ molecular weight, and solubility 
requirements of the graft copolymers are met. The A monomer units include hydrophobic 

20 monomer units and optionally hydrophilic monomer units. The polymeric backbone will 
preferably comprise from about 50% to about 100%. more preferably from about 60% to about 
98%, most preferably from about 75% to about 95%, by weight of the polymer, of hydrophobic 
monomer units, and from about 0% to about 50%, preferably from about 2% to about 40%, more 
preferably from about 5% to about 25%, of hydrophilic monomer units. 

25 Nonltmiting classes of A monomers useful herein include hydrophobic monomers selected 

from the group consisting of acrylic acid esters; mediacrylic acid esters; N-alkyi acrylamides; vinyl 
compounds, vinylidene compounds; unsanirated hydrocarbons (e.g., olefms, including straight 
chain* branched chain, and cycloaliphatic olefms and aromatic ethylenically unsaturated 
compounds); C]-C|g alcohol esters of organic acids and organic acid anhydrides; and 

30 combinations thereof. 

Representative examples of such hydrophobic monomers include acrylic or methacrylic 
acid esters of CpCfg alcohols, such as methanol, ethanol, methoxy ethanoi, l-propanol, 2- 
propanol, 1-butanol, 2-methyl- l-propanol, l-pentanol, 2-pentanol. 3-pentanol, 2-methyl-l-butanol, 
1-mediyl-l-butanol, 3-methyl-l-butanol, l-mediyM-pentanol, 2-methyM-pentanolt 3-methyl-l- 

35 pentanol, t-butanol(2-methyi-2-propanol), cyclohexanol, neodecanol, 2-ethyl*l-butanol, 3- 
heptanol, benzyl alcohol, 2-octanol, 6-methyl-l-heptanol, 2-ethyl-l-hexanol, 3,5-dimethyl-l- 
hexanol, 3.5,5-tri methyl- 1 -hexanol, l-decanol, 1-dodecanol, l-hexadecanol, l-octo decanol, and 



9 



wo 97/33556 



PCTAJS97/a3604 



the iike« the alcohols having from about 1-18 carbon atoms with the number of carbon atoms 
preferably being from about 1-12; dicyclopcntcnyl acryiate; 4-biphenyl acrylate; pentachlorophenyl 
acrylatc; 3,5-dimethyladamantyl acrylate; 3,5-dimcthyladamcniyl methacrylatc; 4- 
methoxycarbonylphenyl methacrylate; trimethylsilyl methacrytate; styrene; alkyi substituted 

5 styrenes including alpha-methylstyrene and t-butylstyrene; vinyl esters, including vinyl acetate, 
vinyl neononanoate, vinyl pivalate and vinyl propionate; vinyl chloride; vinylidene chloride; vinyl 
toluene; alkyl vinyl ethers, including isobutyl vinyl ether and s-butyl vinyl ether; butadiene; 
cyclohexadiene; bicycloheptadicnc; 2,3-dicarboxyimethyl-I,6-hexadiene; ethylene; propylene; 
indene; norbomylene; 3-pinene; a-pincne; and combinations thereof. 

10 Preferred hydrophobic monomers suitable for use as the A monomer units include n-butyl 

methacrylate, isobutyl methacrylate. t-butyl acrylate, t-butyl methacrylate, 2-ethylhexyl 
methacrylate, methyl methacrylatc, indene, norbomylene, P-pincnc, a-pinene» vinyl pivalate, vinyl 
neononanoate, dicyclopentenyl acrylate, 4-biphenyl acrylate, pentachlorophenyl acrylate, 3,5- 
dimethyladamantyl acrylatc, 3.5-dimcthyladamcntyl methacrylatc, 4.mcthoxycarbonylphcnyl 

15 methacrylate, trimethylsilyl methacrylate, t-butyl styrene and combinations thereof Most 
preferably, the hydrophobic monomer is selected from t-butyl styrene, t-butyl acrylatc, t-butyl 
methacrylate, and combinations thereof. 

Nonlimiting classes of A monomers useful herein also include hydrophilic monomers 
selected from the group consisting of unsaturated mono-, di- and poly- carboxylic acids; 

20 (meth)acrylamides; (meth)aciylates; (meth)acrylatc alcohols; organic acid anhydrides; esters of 
organic acid anhydrides; hydrophilic vinyl compounds; hydrophilic allyl compounds; hydrophilic 
imides; salts of any such compounds; and combinations hereof. 

Representative examples of such hydrophilic monomers include acrylic acid, mcthacrylic 
acid, N,N-dimcthylacrylamide, dimethyUmninoethyl methacrylate, quatemized dimcthylaminocthyl 

25 methacrylate, methacrylamide, N-t-butyl acrylamide, malcic acid, maleic anhydride and its half 
estcR, crotonic acid, itaconic acid, acrylamide, acrylate alcohols, hydroxyethyl methacrylate. 
diallyldimethyl ammonium chloride, vinyl pyirolidone, vinyl ethers (such as methyl vinyl ether), 
maleimides, vinyl pyridine, vinyl imidazole, other polar vinyl heterocyclics, styrene sulfonate, allyl 
alcohol, vinyl alcohol (such as that produced by the hydrolysis of vinyl acetate after 

30 polymerization), vinyl caprolactam, salts of any acids and amines listed above, and combinations 
thereof. 

Preferred hydrophilic monomers include acrylic acid, N,N-dimethyi acrylamide, 
dimethylaminoethyl methacrylate, quatemized dimcthylaminocthyl methacrylate, vinyl 
pyrrolidone. salts of acids and amines listed above, and combinations thereof. The quatemized 
35 monomers can be quatemized either before or after the copolymerization with other monomers of 
the graft copolymer. 

As used herein, A monomers are meant to include monomers that are unsubstituted or 
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substituted with one or more substituent groups. Exemplary substttuent groups include, but are not 
limited to, alkyi, aryl, carboxyl, halo groups, and combinations thereof. 
Hydrophobic B Macromonomer Unjts 

The hydrophobic B macromonomer units of the present invention arc large polymeric 
5 building blocks containing repeating structural units. The B macromonomers can be formed from 
the polymerization of smaller monomer units. The B macromonomers encompass a wide variety of 
structures and are copolymerizablc with the A monomer units. Without intending to be limited by 
theory, the hydrophobic B macromonomer units are believed to contribute to the overall solubility 
properties of the copolymers. 

Either a single type of B macromonomer or combinations of two or more B 
macromonomers can be utilized, so long as the Tg, solubility, and molecular weight requirements 
of the copolymer are met. Also, each B macromonomer can be constructed from two or more 
randomly repeating monomer units, in which case the macromonomer would actually be 
considered a copolymer type of macromonomer. In any event, the B macromonomers are selected 
15 to meet the requirements of the graft copolymers. The hydrophobic macromonomers contain 
hydrophobic monomer units and optionally hydrophilic monomer units. 

The hydrophobic B macromonomers comprise from about 5% to about 70%, more 
preferably from about 15% to about 65%, and most preferably from about 20% to about 50%, by 
weight of the copolymer. 

20 B macromonomers that are usefiil herein contain a polymeric ponion and a 

copolymerizable moiety, preferably an ethylenically unsaninited moiety that is copolymerizablc 
with the A units. Typically, the preferred B macromonomers are those diat are endcapped with the 
ethylenically unsaturated moiety. By "endcaw>ed" as used herein is meant that the ethylenically 
unsaturated moiety is at or near a terminal position of the macromonomer. However, this definition 
25 of *'endcapped" is not intended to limit the macromonomer to only those macromonomers which 
terminate in a carbon-carbon double bond (whether mono-, di-, tri-, or tetra-substituted). 

The hydrophobic B macromonomera of die present invention can be synthesized utilizing 
a variety of standard synthetic procedures familiar to the polymer chemist of ordinary skill in the 
art. Furthermore, diese macromonomers can be synthesized starting from commercially available 
30 polymers. Typically the weight average molecular weight of the macromonomer is at least about 
500, preferably from about 1 000 to about 200,000. more preferably from 1 500 to about 30,000, and 
most preferably from about 2000 to about 25,000. 

For example, the hydrophobic B macromonomers can be synthesized by the 
polymerization (acid, base, free radical, or auto-initiated) of one or more hydrophobic monomers, 
35 and optionally hydrophilic monomers, to form a polymer which is subsequently reacted with or 
••endcapped- with a copolymerizable structural unit E. preferably an ethylenically unsaturated 
moiety. Alternatively, the B macromonomers can be synthesized starting with commercially 
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available hydrophobic polymers which are *'endcapped*' with the structural unit referred to herein 
as E. In yet another alternative, the B macromonomer can be synthesized by starting with the 
structural unit £, and polymerizing onto it the desired hydrophobic monomer units. It is to be 
understood that in this third alternative, the ethylenically unsaturated moiety of the E unit is not 
consumed in the synthesis but its integrity is preserved for subsequent copolymerization of the B 
macromonomer with the A units. All of the synthetic alternatives are merely illustrative in that any 
other suitable synthetic procedures can be utilized to prepare the B macromonomers and 
copolymers of the present invention. 

The B macromonomer is at least one hydrophobic macromonomer unit copolymerizable 
with A, corresponding to the formula (I) or (11): 





r6 




wherein: 

r3, r4 and R* arc, independendy, H or to C5 straight or branched alkyl group; 
R^»HorCi toCg alkyl; 
15 R^ = C4toC|g; 




I and k are, independently, an integer of about 1 or greater; 
j and I are, independently, an integer of about 0 or greater; 

m is an integer from 10 about 2000, preferably from about 15 to 300, and more preferably from 
20 about 20 to about 250; and 
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E and 1 are as defined herein. 

E is an ethylenically unsaturated "endcapptng" group that is copolymerizable with the A 
monomer units. Preferably E is selected from the group consisting of acrylamide, methacrylamide, 
vinyl, aliyl, acryloyl. methacryloyl, ethacryloyi, 2-vinylbenzyl. 3-vinylbcn^I, 4.viny!bcn2yl, 2- 
5 vinylbenzoyl. 3-vinyIben20yl, 4-vinylben2oyl, 1-butenyl, 1-propeny!, isobutenyl» isoprcnyl, 
cyclohexenyl, cyclopentenyl, and combinations thereof Even more preferred is when E is selected 
from the group consisting of vinyl, allyl, acryloyl. mcthacryloyl, ethacryloyl. S-vlnylbenzyl. 4- 
vinylbenzyl, 3-vinylbcn2oyl, 4-vinylbenzoyl. l-butenyl, 1-propeny I, isobutcnyl, and combinations 
thereof Most preferred is when E is selected from the group consisting of vinyl, allyl, acryloyl, 
10 mcthacryloyl, ethacryloyl, 3-vinylben2yl. 4-vinyIbcnzyl, and combinations thereof 

1 is a chemical initiator moiety. Without being limited by theory, I can be derived from a 
chemical initiator or solvent used in the synthesis of the B macromonomer. Nonlimiting examples 
of such initiators from which I can be derived include hydrogen ion, hydrogen radical, hydride ion, 
hydroxide ion. hydroxyl radical, peroxide radical, peroxide anion, Cl-20 carbocations. Cl-20 
15 carbanions (e.g., sec-butyl carbanions, and l,l-diphcnyI-4-methylpentyi carbanion), Cl-20 carbon 
radicals, Cl-20 aliphatic and aromatic alkoxy anions, ammonium ion, substituted ammonium ions 
(e.g., Cl-20 alky I and Cl-20 alkoxy substituted), and Cl-20 carbocations (e.g., cumyl carbocation), 
I can be derived from any usefiil solvent, nonlimiting examples of which inlcude water, methanol 
ethanol, propanol, isopropanol, acetone, hexane, dichloromethane, chloroform, benzene, and 
20 toluene. Nonlimiting examples of I include chemical moieties selected from the group consisting 
of hydrogen, CMC straight or branched chain alkyi, benzyl, 1-phenyl substituted C2-40 straight or 
branched chain alkyI, 1,1-diphenyl substituted C2-40 straight or branched chain alky I, and 
combinations thereof More preferably I is selected from the group consisting of l,l-diphenyl-4- 
methylpentyl, sec-butyl, and cumyl. Most preferably I is sec-butyl or cumyl. 
25 R^ r2, r3^ r4 ^nd are suitably independently derived from monomer units such as 

those described in reference to die A monomer units. Preferred monomere are selected from the 
group consisting of ethylenically unsaturated, straight or branched hydrocarbons and ethylenically 
unsaturated esters of acrylic acid and methacrylic acid. Preferred such monomers are 
hydrocarbons selected from isobutylene, butadiene, isoprcne. 1-butene, 5-mediyl-l-hexene, 6- 
30 mclhyl-l-heptcne, 4,4-dimethyl-l-pentenc etc.; esters of acrylic acid and an alcohol selected from 
n-butyl. dodccyl, 2-cthylhexyl, 2-ethylbutyl, n-ethyl, n-heptyl, n-hexyl. iso-butyl, iso-decyl, iso- 
propyl. 3-mcthylbutyl, 2-methylpcntyl, nonyl, octyl, and propyl alcohol; and esters of methacrylic 
acid and an alcohol selected from dodccyl, 2.cthylhcxyl, hexyl, dccyl, octadecyl, octyl, n-pentyl, 
and tridecyl alcohol. 

35 Nonlimiting examples of these endcapped hydrophobic macromonomers include acryloyl, 

mcthacryloyl, or 2-,3. or 4-vinyl benzyl cndc^^ped polymers of methacrylic or acrylic acid esters, 
such as, poly(n-butyl acrylate). poly(dodecyl aciylatc), poly(2-€thylhcxyl acrylate), poIy(2. 



13 



W097/335M PCr/US97/03604 

cihylbutyl acrylate), poly(n-ethyl acrylale), p6ly(n-heptyl aciylatc), poly(n-hcxyI acrylale), 
poly(iso-butyl acrylatc), poly(iso-decyl acrylate), poly(iso-propyl acrylatc). poIy(3-meihylbutyl 
acrylatc). poly(2-mcthylpcntyl acrylatc), poly(nonyl acrylate), poIy(octyl acrylatc), poly (2- 
cthylhcxyl mcihacrylaie), poly( tridccyl mcthaciylate), poly(n-pentyl mcthacrylatc), poly(octyl 
5 mcthacrylatc), poly(octadccyl mcthacrylatc), poly(dodccyl mcdiacrylatc), poIy(n-pcntyl 
mcthacrylatc). Other examples include, methacryloyl, acryloyi or 2-,3-,or 4- vinyl benzyl 
endcapped polymers of poly(isobutylenc), poly(isoprenc), hydrogenated poly(l,2-butadicne), 
hydrogcnaied poly(l,4-butadicne), hydrogenated poly(isoprene), poly(I,2-butadicnc), poly(l- 
butene), poly(5-methyM-hexene), poly(6-methyI-l-heptene). poly(4,4-dimelhyl-l-pentene), and 
10 poly(iso-buiyl vinyl ether). 

Examples of other macromonomers include "copolymer" type B macromonomers 
containing two or more randomly repeating monomer units. Nonlimlting examples of these 
-copolymer" type of macromonomers include acryloyi endcaf^d polyl4-t-buty1 vinyl benzene-co- 
2-ethylhcxyl acrylatc], poly[2.ethylhexyl acrylate-co-octyl aciylamidc), poly[2-«thyl vinyl 
IS bcnzcne-co-octyl mcthacrylatc)], and the like. 

The endcapped hydrophobic macromonomers can be synthesized using standard synthetic 
procedures which involve polymerizing, usually under cationic or anicmic initiation conditions, the 
appropriate monomer unit, (e.g., isobutylene, 1,3-butadienc, isoprene etc.). A wide variety of 
initiating systems can be used, nonlimiting examples of which include cationic initiators, such as 
20 cumyl acetatemc^, cumyl methyl ethcr/BCl3; and anionic mitiators such as n-butyl lithium, sec- 
butyl lithium, t-butyl lithium, lithium aluminum hydride, sodium hydride, and the like. 
Nonlimiting examples of these initiating systems are provided in Designed Polymers by 
rarbocationic M«groinolecular E ngineering. TTicorv and Practice. J.P.Kenncdy and B.[van,Chaptcr 
II, p.5, Hanscr Publishers, N.Y. (1991), and in Anionic Polym erization: Principles and Practice, 
25 Maurice Morton, Chi^ter 2, p. 13, Academic Press, N.Y. (1983). 

In the case of cationic polymerization, once the desired degree of polymerization is 
complete the polymer is isolated and further derivaiizcd to obtain vinyl benzyl, methacryloyl or 
acryloyi end capped polymer. A nonlimiting example of a macromonomer synthesized by cationic 
polymerization is poly(isobutylene). In the case of anionic polymerization, once the desired degree 
30 of polymerization is achieved, an appropriate endcapping reagent is typically used to terminate the 
polymerization and to endcap the macromonomer. Nonlimiting examples of these endcapping 
reagents include 2.vinylbenzyl chloride, 3'Vinylbenzyl chloride, 4-vinylbcnzyl chloride, and the 
like. Alternatively, the endcapping can be achieved by reacting the polymeric reaction mixture 
with one equivalent of ethylene oxide to terminate the polymer with a -<:H2CH2-0- moiety, 
35 followed by reaction with an endcapping reagent such as an unsaturated acid halide. 
Preferred Po^YT^crs of the P resent Invention 

Particularly picfcrred polymers for use in the present invention include the following (the 
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weight percents below refer to the amount of reactants added in the polymerization reaction, not 
necessarily the amount in the finished polymer): 

(i) Poly[poly(tert-butylacrylate)-graft-poly(isobutylcnc) macromonomer] (80/20 w/w); total 
graft copolymer weight average molecular weight of 100,000; macromonomer weight average 

5 molecular weight 5000. 

(ii) Poly(poly(4-tert-butylstyrene)-graft.poly(isobutylene) macromonomerj (70/30 w/w); total 
graft copolymer weight average molecular weight of 150,000; macromonomer weight average 
molecular weight 3000. 

(iii) Poly[(4-tert-butylstyrcnc>graft-poly(2-ethylhexyl methacrylate) macromonomer] (80/20 
10 w/w); total graft copolymer weight average molecular weight of 150,000; macromonomer weight 

average molecular weight 10,000. 

(iv) Poly[(tert.butylacrylate-co-styrene)-graft.poly(isobutylene)J (60/20/20 w/w/w);total graft 
copolymer weight average molecular weight of 100,000; macromonomer weight average molecular 
weight 5000. 

15 Synthesis of the Graft CopolYmers 

The graft copolymers can be made by fi^c radical polymerization of die A monomers with 
the B macromonomers. It is not intended to necessarily exclude ftx)m this invention any 
copolymers made by means other than fi^e radical polymerization, so long as the product has the 
desired physical properties. The copolymers herein are formed from randomly repeating A 
20 monomer units, and B macromonomer units. 

The general principles of free radical polymerization methods are well understood. See, 
for example, Odian, ''Principles of Poiymerizat^on^ 2nd edition, John Wiley & Sons, 1981, pp. 
179-318. The desired monomers and macromonomers are all placed in a reactor, along with a 
sufficient amount of a mutual solvent so that when the reaction is complete the viscosity of the 
25 reactiOT is reasonable. Typical monomer and macromonomer loadings are ftom about 10% to 
about 50%, on a weight basis, Undesired terminators, especially oxygen, can be removed as 
needed This is done by evacuation or by purging with an inert gas, such as argon or nitrogen. The 
initiator is inttwiuced and the reaction brought to the temperature needed for initiation to occur, 
assuming thermal inhiators are used, Nonlimiting examples of suitable initiators include those 
30 selected from the group consisting of azo initiators, peroxide initiators, redox initiators, and 
photochemical initiators. The polymerization is allowed to proceed as long as needed for a high 
level of conversion to be achieved, typically from a few hours to a few days. The solvent is then 
removed, usually by evaporation or by precipitating the copolymer by addition of a nonsolvent. 
The copolymer can be fiirther purified, as needed utilizing a variety of techniques including 
35 filtration, extraction, membrane separation, gel permeation chromatography, and the like. 

There are numerous variations on these procedures which are entirely up to the discretion 
of the synthetic chemist (e.g., choice of degassing method and gas, choice of initiator type, extent 
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of conversion* reaction loading, etc). The choice of initiator and solvent arc often determined by 
the requirements of the particular monomers and macromonomer used, because different 
monomers and macromonomers have different solubilities and different reactivities to a specific 
Initiator. 

5 The copolymers of the present invention can also be synthesized by first preparing a 

reactive, intermediary polymer from A monomer units, followed by further polymerization of the 
resulting intermediary copolymer with suitable monomers to form the hydrophobic side chains. 

Analysis of the graft copolymer reaction product and the extracted materials, and the 
purified graft copolymer can be performed by conventional analysis techniques known in the art. 
10 These include, for example, nuclear magnetic resource <NMR). mftared molecular spectroscopies, 
gel permeation/size exclusion chromatography, membrane osmometry, and atomic absorption and 
emission spectroscopies. 
Solvit For The Graft Cotwlvmer 

The compositions of the present invention comprise a hydrophobic, volatile, liquid which 
15 is a solvent for the graft copolymers of the present invention. Suitable solvents are selected ft^om 
hydrophobic, volatile branched chain hydrocarbons, silicones and combinations thereof 

In general, the present compositions will comprise from about 0.1% to about 75%, 
preferably from about 0.2% to about 25%, and more preferably from about 0.5% to about 15%, of 
the solvent. The weight ratio of linear copolymer to solvent is generally from about 1 : 1 00 to about 
20 5:1, preferably from about hlOtoabout 1:1, more preferably from about 1:8 to about 2:3. 

The hydrophobic, volatile solvent exhibits a significant vapor pressure at ambient 
conditions (e.g., I atmosphere, 25X), as is understood by those in the art. As used herein, the term 
"volatile" refers to solvents having a boiling point at one atmosphere of 260*€ or less, preferably 
250°C or less, more preferably 230'»C or less, most preferably 225X or less. In addition, the 
25 boiling point of the hydrophobic, volatile solvent will generally be at least about 50X. preferably 
at least about lOO'C. The term "nonvolatile", on the other hand, shall refer to solvents which have 
a boiling point at one amiosphere of greater than 260X. The solvent should also be acceptable for 
topical application to the hair and skin (i.e.. no undue irritation, sensitization or other reactions are 
induced by the solvent). 

30 The graft copolymer is sohible in the hydrophobic, volatile solvent in the present 

compositions. In general, the copolymer should be soluble at 25X at a concentration of 0.1% by 
weight of the solvent, preferably at 1%. more preferably at 5%. most preferably at 15%. 

The hydrophobic, volatile solvent, however, is insoluble in aqueous carriers of the 
composition. This is determined in the absence of the copolymer, or other emulsifying agents, and 
35 can easily be verified by observing whether the solvent and aqueous carrier form separate phases 
after being mixed together at room temperature (as viewed without magnification). 

Preferred hydrophobic, volatile branched chain hydrocarbons useftil as die solvent herein 
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contain from about 10 to about 16, more prefcraoly from about 12 to about 16. most preferably 
from about 12 to about 14 carbon atoms. (E.g.. preferred branched chain hydrocarbons include 
C|o-Ci5 branched chain hydrocarbons, Cj 1^14 branched chain hydrocarbons, and C 12 branched 
chain hydrocarbons). Saturated hydrocarbons are prefenred, although it is not intended to exclude 
5 unsaturated hydrocarbons. Examples of such preferred branched chain hydrocarbons include 
isoparafTins of the above chain sizes, isoparaffins arc commercially available from Exxon 
Chemical Co.; examples include Isopar^M H and K (C| i-C|2 isoparaffins), and Isopar^M L (C] j- 
C|3 isoparafiins). Other suitable branched chain hydrocarbons are isododccane and 
isohexadecane. Isododecane is preferred and is commercially available from Preperse, Inc. (South 
10 Plainfield, NJ, USA) as PemethyFM 99A. 

Preferred silicones useful as the hydrophobic, volatile solvent herein include hydrophobic, 
volatile siloxanes (such as phenyl pentamethyl disiloxane. phenylethyl pentamethyl disiloxane, 
hexamethyl disiloxane, mcthoxypn^yl heptamethyl cyclotetrasiloxane. chloropropyl pentamethyl 
disiloxane, hydroxypropyl pentamethyl disiloxane, cyclomethicones, including octamethyl 
15 cyclotetrasiloxane and decamethyl cyclopentasiloxane), and mixmres thereof. Preferred solvents 
are cyclomethicones, more preferably octamethyl cyclotetrasiloxane and decamediyl 
cyclopentasiloxane. 

Hair Care Compositions 
The compositions of the present invention also comprise a suitable carrier or hair care 
20 matrix for delivering the graft copolymer and the hydrophobic, volatile solvent to the hair. Any 
carrier suitable for delivery of the copolymer/hydrocarbon solvent to the hair can be used. The 
carrier can comprise a volatile liquid which is water or is otherwise water soluble, or a mixnire 
thereof and in which the volatile solvent of the copolymer is not soluble. In general, the 
compositions will comprise fiwn about 50% to about 99.3%, preferably from about 70% to about 
25 99%, more preferably fix)m about 85% to about 98%, of carrier or hair care matrix. 

The carrier liquid herein can include water or other hydrophilic fluids, and combinations 
thereof Suitable carrier fluids for use in the present invention, in addition to water, include lower 
alcohols (C|.C4 alcohols, preferably C2-C4 alcohols such as ethanol and isopropanol) and 
mixtures of lower alcohols. Preferred solvents include water, ethanol, and mixtures thereof 
30 Especially preferred is water. 

The prefeired compositions are in the form of a discontinuous phase of dispersed droplets, 
or particles, of the copolymer and the hydrophobic volatile solvent distributed throughout the 
carrier. The carrier can also comprise a variety of other components, such as other active 
ingredients, rheology modifiers such as thickeners, gelling agents, etc. The compositions of the 
35 present invention can be in the fonn of liquids, loticms, creams gels, etc. 

The carrier may include gel vehicle materials or other rheology roodiflere. These are 
particularly contemplated for use in products such as hair rinses, shampoos, mousses, and creams 
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and lotions. 

Gel vehicles can comprise two essential components: a lipid vehicle material and a 
surfactant vehicle material. Gel vehicles are generally described in the following documents: 
Barry, "The Self Bodying Action of the Mixed Emulsifier Sodium Dodecyl Sulfate/Cetyl Alcohol'*, 

5 28 J. of Colloid and Interface Science 82-91 (1968); Barry, et al.. The Self-Bodying Action of 
Alkyltrimethylammonium Bromides/Cetosieaiyl Alcohol Mixed Emulsifiers; Influence of 
Quaternary Chain Length", 35 J. of Colloid and Interface Science 689-708 (1971); and Barry, et al., 
"Rhcology of Systems Containing Cetomacrogol 1000 - Cetostearyl Alcohol, I. Self Bodying 
Action", 38 J. of Colloid and Interface Science 616-625 (1972). 

10 The carrier may incorporate one or more lipid vehicle materials which are essentially 

water-insoluble, and which contain hydrophobic and hydrophilic moieties. Lipid vehicle materials 
include naturally or synthetically-derived acids, acid derivatives, alcohols, esters, ethers, ketones, 
and amides with carbon chains of from about 12 to about 22, preferably firom about 16 to about 18, 
carbon atoms in length. Fatly alcohols and fatly esten are preferred; fatty alcohols are panicularly 

15 preferred. 

Preferred esters for use herein include cetyl palmitate and glycerylmonostearate. Cetyl 
alcohol and stearyl alcohol arc preferred alcohols. A particularly preferred lipid vehicle material is 
comprised of a mixture of cetyl alcohol and sieaxyl alcohol containing from about 55% to about 
65% (by weight of mixnire) of cetyl alcohol. 

20 Lipid vehicle materials among those useful herein are disclosed in Bailey's Iq^Vgtrial Oil 

and Fat Products . (3rd edition, D. Swem, ed„ 1979). Fatty alcohols included among those useful 
herein are disclosed in the following documents; U.S. Patent 3,155,591, Hilfer, issued November 
3, 1964; U.S. Patent 4,165,369. Walanabe, et al, issued August 21, 1979; U.S. Patent 4,269,824. 
Villamarin, et al., issued May 26, 1981; British Specification 1,532,585, published November 15, 

25 1978; and Fuku Shima. et al., "Tlie Effect of Cetostearyl Alcohol in Cosmetic Emulsions", 98 
rosmetics A Toiletries 89-112 (1983). Fatty esters included among those useful herein arc 
disclosed in U.S. Patent 3,341,465, Kaufman, et al.. issued September 12. 1976. If included in the 
compositions of the pi^nt invention, the lipid vehicle material is typically present at from about 
0.1% to about 10.0% of the composition; the cationic surfactant vehicle material is present at from 

30 about 0.05% to about 5.0% of the composition. 

Cationic surfactant materials are suitable for use in the gel vehicles, and include, but are 
not limited to. those described in detail below. The compositions hereof can also conUin a lipid 
vehicle without the inclusion of a cationic surfactant. 

The use of nonionic cellulose ethers and water-soluble gums for thickening compositions 

35 is also contemplated. See for example. U.S. Patem 4,557,928, Glover, issued December 10, 1985. 
teaching a hair conditioner comprising a suspension system which consists of one of glucan gum, 
guar gum, and hydroxyethylcellulose; and U.S. Patent 4,58U30, Grollier et al. issued April 8, 
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1986» which teaches cosmetic compositions for treating hair which comprise as thickening agents 
hydroxyethylcelluiose» or water-soluble vegetable thickening agents, such as guar gum. 

Noniontc water-soluble cellulose ethers are preferred polymers that can be employed in 
hair care compositions. Cellulose ethers are relatively low molecular weight but which are capable 
5 of producing highly viscous aqueous solutions in practical concentrations. These materials arc 
nonionic cellulose ethers having a sufficient degree of nonionic substitution selected from the 
group consisting of methyl, hydroxyethyl, and hydroxypropyl to cause them to be water-soluble 
and which are fijrther substituted with a hydrocarbon radical having from about 10 to 24 carbon 
atoms in an amount between about 02 weight percent and the amount which renders said cellulose 

10 ether less than 1%, by weight, soluble in water. The cellulose ether to be modified is preferably 
one of low to medium molecular weight; l.e., less than about 800,000 and preferably between 
about 20,000 and 700,000 (about 75 to 2500 D.R). Widely used, commercially-available nonionic 
cellulose ethers include methyl cellulose, hydroxy propyl methyl cellulose, hydroxyethyl cellulose, 
hydroxypropyl cellulose and ethyl hydroxyethyl cellulose. 

15 Other carrier ingredients for use in the compositions of the present invention, especially 

for hair rinses, include combinations of one or more nonionic, water soluble polymeric materials 
that have been hydrophobically-modtfied(hereinafrer alternatively refeired to as "hydrophobically 
modified nonionic water-soluble polymer"), with one or more surfactants, such as quatemaiy 
ammonium compounds (such as ditallowdimethyl ammonium chloride). These vehicles are 
20 described in detail in the following patents: U.S. Patent 5, 106,609, issued April 2 1 , 1 992 to Bolich 
et al.. U.S. Patent 5,100,658, issued March 31, 1992 to Bolich et al., U.S. Patent 5,104,646, issued 
April 14, 1992 to Bolich et al, and U,S. Patent 5,100,657, issued March 31, 1992 to Ansher- 
Jackson et al.. 

These systems provide a gel-like liieology without necessarily being gels in the technical 
25 sense. When such systems are used to thicken the present compositions, from about 0.3% to about 
5.0%, preferably from about 0.4% to about 3.0%, of the hydrophobically modified nonionic water- 
soluble polymer is preferably utilized with from about 0,3% to about 5.0%, preferably from about 
0.4% to about 3.0%, of a water-soluble polymeric thickening material such as described herein. 

By "hy^pliobically modified nonionic water-soluble polymer" is meant a nonionic 
30 water-soluble polymer which has been modified by the substitution with a sufHcient amount of 
hydrophobic groups to make the polymer less soluble in water. By "water-soluble" what is meant 
is the polymer or salt, thereof, constituting the polymer backbone of the thickener should be 
sufficiently soluble such that it forms a substantially clear solution when dissolved in water at a 
level of 1%, by weight of the solution, at 25"C. 
35 The polymer backbone of the hydrophobically modified nonionic water-soluble polymer 

can be essentially any water-soluble polymer. Examples of water soluble polymers useful for 
forming the hydrophobically modified nonionic water-soluble polymer include hydroxyethylceilu- 
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lose, hydroxypropyl cclluJose, hydroxypropyl methylcetlulose. polyethylene glycol, 
polyacrylamide, polyacrylic acid, polyvinyl alcohol, polyvinyl pyirolidone, dcxtrans, for example 
Dextran purified crude Grade 2P, available from D&O Chemicals, plant exudates such as acacia, 
ghatti, and tragacanth, seaweed extracts such as sodium alginate, propylene glycol alginate, sodium 

5 carrageenan, cationic polymers such as Ucare JR-polymer (a cationic modified hydroxyethyl 
cellulose available from Union Carbide), natural polysaccharide materials, such as guar gum, 
locust bean gum, and xanthan gum. Nonionic water-soluble cellulose ethers arc preferred to be 
employed as the polymer substrate of such hydrophobically modified polymers. Thus, e.g., 
hydroxyethyl cellulose, hydroxypropyl cellulose, methyl cellulose, hydroxypropyl methyl 

10 cellulose, ethyl hydroxyethyl cellulose, and methyl hydroxyethyl cellulose can all be modified. 
The amount of nonionic substituent such as methyl, hydroxyethyl or hydroxypropyl is teught not to 
be critical so long as there is an amount sufHcient to assure that the ether is water-soluble. 

The hydrophobic groups which modify the nonionic water-soluble polymer can be Cg to 
alkyl, aryl alkyi, alkyl ary I groups and mixtures thereof. One or more hydrophobic groups can 

15 be attached to the cellulose ether substrate via an ether, ester or urcthane linkage. The ether 
linkage is preferred. 

The degree of hydrophobic substitution on the polymer backbone should be from about 
0. 10% to about 1 .0%, depending on the particular polymer backbone. More generally, the ratio of 
hydrophilic portion to hydrophobic portion of the polymer is from about 10:1 to about 1000:1. 
20 One commercially available hydrophobically modified nonionic water-soluble polymer material 
which meets the foregoing requirements is NATROSOL PLUS Grade 430, hydrophobically 
modified hydroxyethylcellulosc available from Aqualon Company, Wilmington, Delaware. This 
material has a C15 alkyl substitution of about 0.5% to about 0.9% by weight. The hydroxyethyl 
molar substitution for this material is from about 2.8 to about 3.2. The average molecular weight 
25 for the water-soluble cellulose prior to modification is approximately 300,000. 

Another material of this type is sold under the trade name NATROSOL PLUS OS Grade 
D-67. by Aqualon Company, Wilmington. Delaware. This material has a Cj^ alkyl substitution of 
from about 0.50% to about 0.95%, by weight The hydroxyethyl molar substitution for this 
material is from about 2.3 to about 3.3. The average molecular weight for the water-soluble 
30 cellulose prior to modification is approximately 700,000. 

The hydrophobically modified nonionic water-soluble polymer can be used in 
combination with water soluble or water insoluble surfactants. 

In this regard, "water-soluble surfactant" means surfactant materials which form 
substantially clear, isotropic solutions when dissolved in water at 0.2 weight percent at 25X. The 
35 water-soluble surfactant preferably has a molecular weight of less than about 20,000. 

Essentially any water-soluble surfactant material which meets these requirements will 
work in the present invention. However, the following materials have been found to be 
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particularly preferred: cetyl betaine, ammonium tauryl sulfate, ammonium iaureth sulfate, cetyl 
trimethyl ammonium chloride, and mixtures thereof. 

When such systems are used to thicken the present compositions, from about 0.1% to 
about 10.0%, preferably from about 0.2% to about 5.0%, of the hydrophobically-modified 
S nonionic water soluble polymer is generally utilized with from about 0.02% to about 0.30%, 
preferably from about 0.05% to about 0.30%, most preferably from about 0.05% to about 0.20%, 
of the water-soluble surfactant. The water-soluble surfactant level is kept low because higher 
levels of water-soluble surfactants interfere with the hydrophobically-modified hydroxyethyl 
cellulose thickener and produce compositions with much less desirable rheologies. 

10 By "water-insoluble surfactant" for use in such systems it is meant surfactant materials 

which do not form substantially clear isotropic solutions when dissolved in water at greater than 
0.2 weight percent at 25*^0. The water-insoluble surfoctant preferably has a molecular weight of 
less than about 20,000. Essentially any water-insoluble surfactant material which meets these 
requirements will work in the present invention, however, water-insoluble cationic surfactant 

15 materials are preferred. Cationic surfactants are described below. The followmg nonexclusive 
materials are suitable: stearamide diethanolamine (stearamide DEA), cocoamide methanolamine 
(cocoamide MEA), dimethyl stearamine oxide, glyceryl monooleate, sucrose stearate, PEG-2 
stearamine, polyethylene glycol ethers of fatty alcohols, such as Cetheth-2 of the formula CH3- 
(CH2)i4-CH2-(OCH2CH2)j^-OH, where n has an average value of 2 (commercially available 

20 under the trade name Brij 56 from ICI Americas), glycerol stearate citrate, dihydrogenated tallow 
dimethyl ammonitmi chloride, polyoxyethylene, polyoxypropylene block polymers such as 
Poloxamer 181, of the formula: 

CH3 

HO— (CH2K:H2-0)x (CH-CH2H3)y(CH2-CH20)3^I; 

wherein on average x = 3, y = 30 and z =^ 3 (commercially available frx)m BASF Wyandotte under 
25 the trade name Pluronic L-61), hydrogenated tallow dimethyl beteine, and hydrogenated tallow 
amide DEA. 

When such systems are used to thicken the present compositions, from about 0.1% to 
about 10.0%, preferably from about 02% to about 5.0%, of the hydrophobically-modified 
nonionic polymer is generally utilized with from about 0.02% to about 10.0%, preferably from 

30 about 0.05% to about 3.0%, most preferably from about 0.05% to about 2.0%, of the 
water-insoluble sur&ctant. 

Cationic surfactants useful in the compositions of the present invention, including the gel 
vehicle systems as well as hydrophobically modified nonionic polymer systems, include those 
containing amino or quaternary ammonium hydrophilic moieties which are positively charged 

35 when dissolved in the aqueous composition of the present invention. Cationic surfactants among 
those useful herein are disclosed in more detail below. 
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It is also contemplated to utilize a suspending agent to thicken the compositions and/or to 
suspend the copolymer branched hydrocarbon solvent phase in the carrier. Suitable suspending 
agents are long chain acyl derivatives, long chain amine oxides, and mixtures thereof, wherein such 
suspending agents are present in Che shampoo compositions in crystalline form. A variety of such 
5 suspending agents are described in U.S. Patent 4,741,855, Grote et al., issued May 3, 1988. 
Especially preferred is ethylene glycol distearate. 

Also included among the long chain acyl derivatives useful as suspending agents are the 
N,N-di{hydrogenated) Cg-C22 (preferably C12-C22, more preferably Ci5-Cjg) amido benzoic 
acid, or soluble sah (e.g., K, Na salts) thereof particularly N,N-di(hydrogenated)tallow amido 
10 benzoic acid which is commercially marketed by Stepan Company (Northfiled, Illinois, USA). 
Surfactants 

Surfactants are optional ingredients in the compositions of the invention, particularly 
shampoo and conditioner compositions. When present, the surfactant typically comprises from 
about 0.05% to about 50% of the composition. For a shampoo, the level is preferably from about 

15 10% to about 30%, most preferably from ^ut 12% to about 25%, of the composition. For 
conditioners, the preferred level of surfactant is from about 0^% to about 3%. Surfactants useful 
in compositions of the present invention include anionic, nonionic, cationic, zwittertonic and 
amphoteric surfactants. 

Synthetic anionic detergents useful herein, particularly for shampoo compositions, include 

20 alkyi and alkyl ether sulfates. These materials typically have the respective formulae ROSO3M 
and RO(C2H40)xS03M, wherein R is alkyl or alkenyl of from about 10 to about 20 carbon atoms. 
X is I to 10, and M is a water-soluble cation such as ammonium, sodium, potassium and 
triethanolamine. 

Another suitable class of anionic surfactants are the water-soluble salts of the organic, 
25 sulfuric acid reaction products of the general formula: 
R1..SO3-M 

wherein R| is chosen from the group consisting of a straight or branched chain, saturated aliphatic 
hydrocarbon radical having from about 8 to about 24, preferably about 12 to about 18, carbon 
atoms; and M is a cation. Important examples are the salts of an organic sulfuric acid reaction 

30 product of a hydrocarbon of the methane series, including iso-, neo-, and n-paraffms, having about 
8 to about 24 carbon atoms, preferably about 12 to about 1 8 carbon atoms and a sulfonating agent, 
e.g., SO3, H2SO4, oleum, obtained according to known sulfonation methods, including bleaching 
and hydrolysis. Preferred are alkali metal and ammonium sulfonated C12. 1 8 n-paraffms. 

Additional examples of anionic synthetic surfactants which come within the terms of the 

35 present invention are the reaction products of fatty acids esterified with isethionic acid and 
neutralized with sodium hydroxide where, for example, the fatty acids are derived from coconut 
oil; sodium or potassium salts of fatty acid amides of methyl tauride in which the fatty acids, for 
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example, are derived from coconut oil. Other anionic synthetic surfactants of this variety are set 
forth in U.S. Patents 2»486,92 1 ; 2,486,922; and 2,396,278. 

Still other anionic synthetic surfactants include the class designated as succinamates, This 
class includes such surface active agents as disodium N*octadecylsulfosuccinamate; tetrasodium N* 
5 (i,2-dicarboxyethyl>-N-octadecylsulfosuccinamate; diamyl ester of sodium sulfosuccinic acid; 
dihexyl ester of sodium suifosuc cinicacid; dioctyi esters of sodium sulfosuccinic acid. 

Other suitable anionic surfactants utilizable herein are olefm sulfonates having about 12 to 

about 24 carbon atoms. The term **olefm sulfonates** is used herein to mean compounds which can 

be produced by the sulfonaiion of a-olefms by means of uncomplexed sulfur trioxide, followed by 

10 neutralization of the acid reaction mbcture in conditions such that any sultones which have been 

formed in the reaction are hydrolyzed to give the corresponding hydroxy-alkanesulfonates. the a- 

olefins from which the olefin sulfonates are derived are monos>lefm5 having about 12 to about 24 

carbon atoms, preferably about 14 to about 16 carbon atoms. Another class of anionic organic 

surfactants are the P-alkyloxy alkane sulfonates. These compounds have the following formula: 

OR2 H 
I I 
Ri-C C— SO3M 

H H 

where Rj is a straight chain alky I group having from about 6 to about 20 carbon atoms, R2 is a 
lower alkyi group having from about 1 (preferred) to about 3 carbon atoms, and M is a water- 
soluble cation as hereinbefore described. 

Many additional nonsoap synthetic anionic surfactants are described in McCutcheon's. 

20 Detergents and Emulsifiers, 1984 AnnuaL published by Allured Publishing Corporation. Also U.S. 
Patent 3,929,678, Laughlin et al., issued December 30, 1975, discloses many other anionic as well 
as other surfactant types. 

Nonionic siufactants, which are preferably used in combination with an anionic, 
amphoteric or zwitterionic surfactant, can be broadly defmed as compounds produced by the 

25 condensation of alkylene oxide groups (hydrophilic in nature) with an organic hydrophobic 
compound, which may be aliphatic or alky! anmiatic in nature. Examples of preferred classes of 
nonionic surfactants are: 

1 . Those derived from the condensation of ethylene oxide with die product resulting 
from the reaction of propylene oxide and ethylene diamine products. 

30 2. The condensation product of aliphatic alcohols having from about 8 to about 18 

carbon atoms, in either straight chain or branched chain configuration, with ethylene oxide, e.g., a 
coconut alcohol ethylene oxide condensate having from about 10 to about 30 moles of ethylene 
oxide per mole of coconut alcohol, the coconut alcohol fraction having from about 10 to about 14 
carbon atoms. 

35 3. Long chain teniary amine oxides such as those 
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corresponding to the following general fonnuia: 

R1R2R3N .> O 

wherein R] contains an alkyl, alkenyl or monohydroxy alkyl radical of from about 8 to about 18 
carbon atoms, from 0 to about 10 ethylene oxide moieties, and from 0 to about I glyceryl moiety, 
5 and R2 and R3 contain from about 1 to about 3 carbon atoms and from 0 to about 1 hydroxy group, 
e,g., methyl, ethyl, propyl, hydroxyethyl, or hydroxypropyl radicals (the arrow in the fomiuta is a 
conventional representation of a semipolar bond). 

4. Long chain tertiary phosphine oxides coiresponding to 
the following general formula: 

10 RR*R"P >0 

wherein R contains an alkyl, alkenyl or monohydroxyalkyl radical ranging from about 8 to about 
1 8 carbon atoms in chain length, from 0 to about 10 ethylene oxide moieties and from 0 to about 1 
glyceryl moiety and R* and R** are each alkyl or monohydroxyalkyl groups containing from about I 
to about 3 carbon atoms. The arrow in the fonnuia is a conventional representation of a semipolar 

IS bond. 

5. Long chain dialkyl sulfoxides containing one short chain 

alkyl or hydroxy alkyl radical of from about 1 to about 3 carbon atoms (usually methyl) and one 
long hydrophobic chain which include alkyl, alkenyl, hydroxy alkyl. or keto alkyl radicals 
containing from about 8 to about 20 carbon atoms, fr^m 0 to about 10 ethylene oxide moieties and 

20 from 0 to about 1 glyceryl moiety. Examples include: octadecyl methyl sulfoxide, 2-kctotridccyl 
methyl sulfoxide, 3.6,9,-trixaoctadecyl 2-hydroxyethyl sulfoxide, dodecyl methyl sulfoxide, oleyl 
3-hydroxypropyl sulfoxide, tetra decyl methyl sulfoxide, 3-methoxytridecyl methyl sulfoxide, 3- 
hydroxytridecyl methyl sulfoxide, 3-hydroxy-4-dodecoxybutyl methyl sulfoxide. 

Cationic surfactants useful in compositions of the present invention, particularly the 

25 conditioner compositions, include those containing amino or quaternary ammonium hydrophilic 
moieties which are positively charged when dissolved in the aqueous composition of the present 
invention. Cationic surfactants among those useful herein are disclosed in the following 
documents: MC. Publishing Co., McCutcheon's. Detergents & Emulsiflers. (North American 
edition 1979); Schwartz, et aL. Surface Active Agents. Their Chemistry and Technology , New 

30 York: Intcrscience Publishers, 1949; U.S. Patent 3,155,591, Hilfer, issued November 3. 1964; U.S. 
Patent 3,929,678, Laughlin, et al., issued December 30. 1975; U.S. Patent 3,959,461, Bailey, ct al., 
issued May 25, 1976; and U.S. Patent 4,387,090, Bolich, Jr., issued June 7. 1983. If included in the 
compositions of the present invention, the cationic surfactant is present at fh)m about 0.05% to 
about 5%. 

35 Among the quaternary ammonium-containing cationic surfactant materials useful herein 

are those of the general formula: 
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wherein R1-R4 are independently an aliphatic group of from about I to about 22 carbon atoms, or 
an aromatic, alkoxy, polyoxyalkylene, alkylamido, hydroxyalkyl, aryl or alkylaryi group having 
from about 12 to about 22 carbon atoms; and X is an anion selected from halogen, acetate, 
phosphate, nitrate and alkylsulfate radicals. The aliphatic groups may contain, in addition to 
carbon and hydrogen atoms, ether linkages, and other groups such as amino groups. The longer 
chain aliphatic groups, eg., those of about 12 carbons, or higher, can be saturated or unsaturated. 

Other quaternary ammonium salts useful herein are diquatemaiy ammonium salts, such as 
tallow propane diammonium dichloride. 

Quaternary ammonium salts include dialkyldimethyl-ammonium chlorides, wherein the 
alky I groups have from about 12 to about 22 carbon atoms and are derived from long-chain fatty 
acids, such as hydrogenated tallow fatty acid (tallow fany acids yield quaternary compounds 
wherein R| and R2 have predominately from 16 to 18 carbon atoms). Examples of quatemaiy 
ammonium salts useftil in the present invention include ditallowdimethyl ammonium chloride, 
ditallowdimethy] ammonium mediyl sulfrite, dihexadecyl dimethyl ammonium chloride, 
di(hydrogenated tallow) dimethyl ammonium chloride, dioctadecyl dimetiiyl ammonium chloride, 
dieocosyol dimethyl ammonium chloride, didocosyl dimethyl ammonium chloride, 
di(hydrogenated tallow) dimethyl ammonium acetate, dihexadecyl dimethyl ammonium chloride, 
dihexadecyl dimethyl ammonium acetate, ditallow dipropyl ammonium phosphate, ditallow 
dimethyl ammonium nitrate, di(coconutalky]) dimethyl ammonium chloride, and stearyl dimediyi 
benzyl ammonium chloride. Ditallow dimethyl ammonium chloride, dicetyl dimethyl ammonium 
chloride, stearyl dimethyl benzyl ammonium chloride and cetyl trimethyl ammonium chloride are 
preferred quaternary ammonium salts useful herein. Di^saturated or unsaturated tallow) dimethyl 
ammonium chloride is a panicularly preferred quaternary ammonium salt. 

Salts of primary, secondary and tertiary fatty amines are also suitable cationic surfactant 
materials. Tlic alkyl groups of such amines preferably have from about 12 to about 22 carbon 
atoms, and may be substituted or unsubstituted. Such amines, useful herein, include stearamido 
propyl dimethyl amine, diethyl amino ethyl stearamide, dimethyl stearamine, dimethyl soyamine, 
soyamine, myristyl amine, tridecyl amine, ethyl stearylamine, N-taliowpropane diamine, 
cthoxylated (5 moles E.O.) stearylamine, dihydroxy ethyl stearylamine, and 
arachidylbehenylamine. Suitable amine salts include the halogen, acetate, phosphate, nitrate, 
citrate, lactate and aikyl sulfate salts. Such salts include stearylamine hydrochloride, soyamine 
chloride, stearylamine formate, N-tallowpropane diamine dichloride and stearamidopropyl 
dimediylamine citrate. Cationic amine surfrictants included among those useful in the present 
invention are disclosed in U.S. Patent 4,275,055, Nachtigal, et al., issued June 23, 1 98 1 . 
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Zwitterionic surfactants, useful in shampoos as well as conditioners, are exemplified by 
those which can be broadly described as derivatives of aliphatic quaternary ammonium, 
phosphonium, and sulfonium compounds, in which the aliphatic radicals can be straight or 
branched chain, and wherein one of the aliphatic substituents contains from about 8 to about 18 
5 carbon atoms and one contains an anionic water-solubilizing group, e.g., carboxy, sulfonate, 
sulfate, phosphate, or phosphonate. A general formula for these compounds is: 



wherein contains an alkyl, alkenyl, or hydroxy alkyl radical of from about 8 to about 18 carbon 
atoms, from 0 to about 1 0 ethylene oxide moieties and from 0 to about 1 glyceryl moiety; Y is 

10 selected from the group consisting of nitrogen, phosphorus, and sulfur atoms; is an alkyl or 
monohydroxyalkyl group containing about 1 to about 3 carbon atoms; X is 1 when Y is a sulfiir 
atom, and 2 when Y is a nitrogen or phosphorus atom; R^ is an alkylene or hydroxyaUcylene of 
from about 1 to about 4 carbon atoms and Z is a radical selected from the group consisting of 
carboxylate, sulfonate, sulfate, phosphonate, and phosphate groups. 

15 Other zwitterionics such as betaines are also usefiii in the present invention. Examples of 

betaines useful herein include the high alkyl betaines, such as coco dimethyl carboxymethyl 
betaine, lauryl dimethyl carboxymethyl betaine, lauryl dimethyl alpha carboxyethyl betaine, cetyl 
dimethyl carboxymethyl betaine, lauryl bis-(2-hydroxyethyl) carboxymethyl betaine, stcaryl bis-(2- 
hydroxypropyl) carboxymethyl betaine, oleyl dimethyl gamma-carboxypropyl betaine, and lauryl 

20 bis-(2-hydroxypropyl)alpha-carboxyethyl betaine. The sulfobetaines may be represented by coco 
dimethyl sulfopropyl betaine, stearyl dimethyl sulfopropyl betaine, lauryl dimethyl sulfoethyl 
betaine, lauryl bis-(2-hy droxyethyl) sulfopropyl betaine and the like; amidobetaines and 
amidosulfobetaines, wherein the RCONH(CH2)3 nulical is attached to the nitrogen atom of the 
betaine are also useful in this invention. 

25 Examples of amphoteric surfactants which can be used in the compositions of the present 

invention are those which are broadly described as derivatives of aliphatic secondary and tertiaiy 
amines in which the aliphatic radical can be straight or branched chain and wherein one of the 
aliphatic substituents contains from about 8 to about 18 carbon atoms and one contains an anionic 
water solubllizing group, e.g., carboxy, sulfonate, sulfate, phosphate, or phosphonate. Examples of 

30 compounds falling within this defmition are sodium 3-dodecyl-aminopropionate, sodium 3- 
dodecylamino propane sulfonate, N-aJkyltaurines such as the one prepared by reacting 
dodecyiamine with sodium isethionate according to the teaching of U.S. Patent 2,658,072, N-higher 
alkyl aspartic acids such as those produced according to the teaching of U.S. Patent 2,438,091, and 
the products sold imder the trade name "Miranol" and described in U.S* Patent 2,528,378. 
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Silicone Hair Conditioning Agent 

An optional component of the present invention is a nonvolatile, silicone conditioning 
agent which is not soluble in the aqueous or water soluble phase of compositions wherein the 
carrier is aqueous-based or otherwise based on water soluble solvents. 
5 The silicone hair conditioning agent for use herein will preferably have an average 

viscosity of from about 1,000 to about 20,000,000 centistokes at more preferably from about 
10,000 to about 10.000,000, even more preferably from about 100,000 to about 5,000,000. The 
viscosity of silicones herein can, in general, be measured by means of a glass capillary viscometer 
as set forth in Dow Coming Corporate Test Method CTM0004, July 20, 1970. 
10 The silicone hair conditioning agent will typically be used in the shampoo compositions 

hereof at levels of from about .05% to about 10% by weight of the composition, preferably from 
about 0.1% to about 10%, more preferably from about 0.5% to about 8%, most preferably from 
about 0.5% to about 5%. 

Suitable nonvolatile silicone fluids include polyalkyi siloxanes, polyaiyl siloxanes, 
IS polyalkylaryl siloxanes, polyether siloxane copolymers* and mixtures thereof Other insoluble, 
nonvolatile silicone fluids having hair conditioning properties can also be used. The term 
"nonvolatile" as used herein shall mean that the silicone material exhibits very low or no significant 
vapor pressure at ambient conditions, as is understood by diose in the art. The tenm "silicone fluid" 
shall mean flowable silicone materials having a viscosity of less than 1,000,000 centistokes at 25^ 
20 C. Generally, the viscosity of the fluid will be between about 5 and 1 ,000,000 centistokes at 25*'C, 
preferably between about 10 and about 100,000. 

Silicone fluids hereof also include polyalkyi or polyaiyl siloxanes with the following 
structure: 

R TR 1 R 

I I I 

A— Si~0- -SHO — Si- A 
I I I 

r [r J r 

X 

25 wherein R is alkyl or aiyl, and x is an integer from about 1 to about 8,000 may be used, preferably 
from about 5 to about 8,000. ''A'* represents groups which block the ends of the silicone chains. 

The alkyl or aiyl groups substituted on the siloxane chain (R) or at the ends of the siloxane 
chains (A) may have any structure as long as the resulting silicones remain fluid at room 
temperature, are hydrophobic, are neither irritating, toxic nor otherwise harmful when applied to 
30 the hair, are compatible with the other components of the composition, are chemically stable under 
normal use and storage conditions, and are capable of being deposited on and of conditioning hair. 

Suhable A groups include methyl, methoxy, ethoxy, propoxy, and aryloxy. The two R 
groups on the silicone atom nuiy represent the same group or different groups. Preferably, the two 
R groups represent the same group. Suitable R groups include methyl, ethyl, propyl, phenyl. 
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methylphenyl and phenylmethyl. The preferred silicones are polydimethyl siloxane, 
polydiethylsiioxane, and poiymethylphenylsiloxane. Polydimethylsiloxane is especially preferred. 

The nonvolatile polyalkylsiloxane fluids that may be used include, for example* 
polydimethylsiloxanes. These siloxanes are available, for example, from the General Electric 
5 Company in their Viscasil^ and SF 96 series, and from Dow Coming in their Dov/ Coming 200 
series. 

The poiyalkylaryl siloxane fluids that may be used, also include, for example, 
poiymethylphenyisiloxanes. These siloxanes are available, for example, from the General Electric 
Company as SF 1075 methyl phenyl fluid or from Dow Coming as 556 Cosmetic Grade Fluid. 
10 The polyether siloxane copolymers that may be used include, for example, a 

polypropylene oxide modifled polydimethylsiloxane (e.g., Dow Coming DC- 1248) although 
ethylene oxide or mixtures of ethylene oxide and propylene oxide may also be used. The eAylene 
oxide and polypropylene oxide level must be sufliciently low to prevent solubility in water and the 
composition hereof. 

15 Another silicone material that can be especially useful in the silicone conditioning agents 

is insoluble silicone gum. The term "silicone gum", as used herein, means polyorganosiloxane 
materials having a viscosity at 25**C of greater than or equal to 1,000,000 centistokes. Silicone 
gums are described by Petrarch and others including U.S. Patent 4,152,416, Spitzer et al., issued 
May I, 1979 and Noll, Walter, Chemistry and Technology of Silicones, New York: Academic 

20 Press 1968. Also describing silicone gums are General Electric Silicone Rubber Product Data 
Sheets SB 30, SE 33, S£ 54 and SE 76. The "silicone gums" will typically have a mass molecular 
weight in excess of about 200,000, generally between about 200,000 and about 1,000,000. Speciflc 
examples include polydimethylsiloxane, (polydimethylsiloxane) (methylvinylstloxane) copolymer, 
poly(dimethylsiloxane) (diphenyl siloxaneXmethylvinylsiloxane) copolymer and mixtures thereof. 

25 Cationic Polvmer Hair Conditioning Agent 

The compositions of the present invention can also comprise a water soluble, cationic 
organic polymer conditioning agent for hair. The polymeric cationic conditioning agent hereof will 
generally be present at levels of from about 0.05% to about 5%, preferably from about 0.1% to 
about 4%, more preferably from about 0.2% to about 3%, by weight, of the shampoo composition. 

30 By "water soluble" cationic organic polymer, what is meant is a polymer which is sufficiently 
soluble in water to fomi a substantially clear solution to the naked eye at a concenn^tion of 0.1% in 
water (distilled or equivalent) at 25X. Preferably, the polymer will be sufficiently soluble to fonn 
a substantially clear solution at 0.5% concentration, more preferably at 1.0% concentration. 

The cationic organic polymers useful in the hair conditioning agent hereof are organic 

35 polymers that can provide conditioning beneflts to hair and that are soluble in the shampoo 
composition. Any cationic polymers which can provide these beneflts can be used. As used 
herein, the term "polymer" shall include materials whether made by polymerization of one type of 
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monomer or made by two (i.e.* copolymers) or morie types of monomers. 

The cationic polymers hereof will generally have a weight average molecular weight 
which is at least about 5,000, typically at least about 10,000, and is less than about 10 million. 
Preferably, the molecular weight is from about 100,000 to about 2 million. The cationic polymers 
5 will have cationic nitrogen-containing moieties such as quaternary ammonium or cationic amino 
moieties, or a mixture thereof 

The cationic charge density is preferably at least about 0.9 meq/gram, more preferably at 
least about KO meq/gram, even more preferably at least abut 1.1 meq/gram, most preferably at least 
about 1.2 meq/gram. The cationic charge density is preferably no greater than about 4 meq/gram, 
10 more preferably no greater than about 3.0 meq/gram, most preferably no greater than about 2.0 
meq/gram. Cationic charge density of the cationic polymer can be determined according to the 
Kjeldahl Method. Those skilled in the art will recognize that the charge density of 
amino-containing polymers may vary depending upon pH and the isoelectric point of tiie amino 
groups. The charge density should be within die above limits at the pH of intended use, which will 
15 in general be from about pH 3 to about pH 9, most generally from about pH 4 to about pH S. 

Any anionic counterions can be utilized for the cationic polymers so long as the water 
solubility criteria is met. Suitable counterions include halides (e.g., CI*, Br-, I-, or preferably 
CI-, Br-, or !-), sulfate, and methylsulfate. Others can also be used, as this list is not exclusive. 

The cationic nitrogen-containing moiety will be present generally as a substituent, on a 
20 firaction of the total monomer units of the cationic hair conditioning polymers. Thus, the cationic 
polymer can comprise copolymers, terpolymers, etc. of quaternary ammonium or cationic 
amine-substituted monomer units and other non-cationic units referred to herein as spacer 
monomer uniu. Such polymers are known in the art, and a variety can be found in the CTFA 
Cosmetic Ingredient Dictionary, 3rd edition, edited by Estrin, Crosley, and Haynes, (Hie Cosmetic, 
25 Toiletry, and Fragrance Association, Inc., Washington, D.C., 1982). 

Suitable cationic polymers include, for example, copolymers of vinyl monomers having 
cationic amine or quaternary ammonium fiinctionaHties with water soluble spacer monomers such 
as acrylamide, methacrylamide, alkyi and dialkyl acrylamides, alkyl and dialkyl methacrylamides, 
alkyl acrylate, alkyl methacrylate, vinyl caprolactone, and vinyl pyrrolidone. The alkyl and dialkyl 
30 substituted monomers preferably have C]-C7 alky] groups, more preferably C]-C3 alkyl groups. 
Other suitable spacer monomers include vinyl esters, vinyl alcohol (made by hydrolysis of poly- 
vinyl acetate), maleic anhydride, propylene glycol, and ethylene glycol. 

The cationic amines can be primary, secondary, or tertiary amines, depending upon the 
particular species and the pH of the shampoo. In general, secondary and tertiary amines, especially 
35 tertiary amines, are preferred. 

Amine-substituted vinyl monomers can be polymerized in the amine fonn. and then 
optionally can be converted to ammonium by a quatemization reaction. Amines can also be 
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10 



15 



20 



25 



30 



similarly quatemized subsequent to fonnation of the polymer. For example, tertiary amine 
functionalities can be quatemized by reaction with a salt of the formula R*X wherein R* is a short 
chain alkyl, preferably a C1-C7 alkyK more preferably a C1-C3 atkyl, and X is an anion which 
forms a water soluble salt with the quatemized ammonium. 

Suitable cationic amino and quaternary ammonium monomers include, for example, vinyl 
compounds substituted with diaikylaminoalkyl aciylate, dialkylaminoalkyi methacrylate, 
monoalkylaminoalkyl acrylate, monoalkylaminoalkyl methacrylate, trialkyi methacryioxyalkyl 
ammonium salt, trialkyi acryloxyalkyl ammonium sah, diallyl quaternary ammonium salts, and 
vinyl quaternary ammonium monomers having cyclic cationic nitrogen-containing rings such as 
pyridinium, imidazolium, and quatemized pynrolidone, e.g., alky I vinyl imidazolium, alky I vinyl 
pyridinium, alkyi vinyl pyirolidone salts. The alkyi portions of these monomers are preferably 
lower alky Is such as the Cj-Cj alky Is, more preferably C{ and C2 aDcyls. 

Suitable amine-substituted vinyl monomers for use herein include dialkylaminoalkyi 
acrylate, dialkylaminoalkyi methacrylate, dialkylaminoalkyi acryiamtde, and dialkylaminoalkyi 
methacrylamide, wherein the alkyi groups are preferably CpCy hydrocarbyls, more preferably 
Ci-C3. alky Is. 

The cationic polymers hereof can comprise mixtures of monomer units derived from 
amine- and/or quaternary ammonium-substituted monomer and/or compatible spacer monomers. 

Suitable cationic hair conditioning polymers include, for example: copolymers of 
l-vinyl-2-pyrrolidone and l-vinyl-3-methylimldazolium salt (e.g., chloride salt) (referred to in the 
industry by the Cosmetic, Toiletry, and Fragrance Association, XTFA", as Polyquatemium-16), 
such as those commercially available from BASF Wyandotte Corp. (Parsippany, NJ. USA) under 
the LUVIQUAT tradename (c.g., LUVIQUAT FC 370); copolymers of l-vinyl-2-pyrrolidone and 
dimethylaminoethyl methacrylate (referred to in the Industry by CTFA as Polyquateroium*!!) such 
as those commercially available from ISP Corporation (Wayne, NJ, USA); cationic diallyl 
quaternary ammonium-containing polymers, including, for example, dimethytdiallylammonium 
chloride homopolymer and copolymers of acrylamide and dimethyldiallylammonium chloride, 
referred to in the industry (CTFA) as Poiyquateraium 6 and Polyquatemium 7, respectively; and 
mineral acid salts of araino-alkyl esters of homo- and co-polymers of unsaturated carboxylic acids 
having from 3 to 5 carbon atoms, as described in U.S. Patent 4,009,256. 

Other cationic polymers that can be used include polysaccharide polymers, such as 
cationic cellulose derivatives and cationic starch derivatives. 

Cationic polysaccharide polymer materials suitable for use herein include those of the 

formula: 
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wherein: A is an anhydroglucose residual group, such as a starch or cellulose 
anhydroglucose residual* 

R is an alkylene oxyalkylene, polyoxyalkylene. or hydroxyalkylene group, or combination 
thereof, 

5 R*, r2, and R^ independently are alkyl, aryl, aikylaryl, arylalkyl, alkoxyalkyi, or alkoxyaryl 

groups, each group containing up to about 18 carbon atoms, and the total number of carbon atoms 
for each cationic moiety (i.e., the sum of carbon atoms in R^ R^ and R^) preferably being about 20 
or less, and 

X is an anionic counterion, as previously described. 
10 Cationic cellulose is available from Amerchol Corp. (Edison. NJ, USA) in their Polymer 

JR^ and LR^ series of polymers, as salts of hydroxyethyl cellulose reacted with trimethyl 

ammonium substituted q)oxide, referred to in the industry (CTFA) as Potyquatemium 10. Another 

type of cationic cellulose includes the polymeric quaternary ammonium salts of hydroxyethyl 

cellulose reacted with lauryl dimethyl ammonium-substituted opoxide, referred to in the industry 
15 (CTFA) as Polyquatemium 24. These materials are available from Amerchol Corp. (Edison, NJ, 

USA) under the tradename Polymer LM-200. 

Other cationic polymers that can be used include cationic guar gum derivatives, such as 

guar hydroxypropyltrimonium chloride (commercially available from Cetanese Corp. in their 

Jaguar^ series). Other materials include quaternary nitrogen«containing cellulose ethers (e.g., as 
20 described in U.S. Patent 3,962,418), and copolymers of etherified cellulose and starch (e.g., as 

described in U.S. Patent 3,958,581). 

Organic Qil Condr^ipyii^g Agents 

The compositions of the present invention can also comprise a nonvolatile, water 

insoluble, organic, oil as a conditioning agent for hair. The hair conditioning oily liquid can add 
25 shine and luster to the hair. The conditioning oil is typically present in die compositions at a level 

of from about 0.05% to about 5%, by weight of the composition, preferably from about 0.2% to 

about 3%, more preferably from about 0.5% to about 1%. 

By "nonvolatile" what is meant is tha the oily material exhibits very low or no significant 

vapor pressure at ambient conditions (e.g., I atmosphere, 25'*C), as is understood in the art. The 
30 nonvolatile oily materials preferably have a boiling point at ambient pressure of about 260X or 

higher. 

By "water insoluble" what is meant is that the oily liquid is not soluble in water (distilled 
or equivalent) at a concentration of 0. 1%, at 25^C. 

The conditioning oil hereof generally will have a viscosity of about 3 million cs or less, 
35 preferably about 2 million cs or less, more preferably about 1 .5 million cs or less. 

The conditioning oils hereof are liquids selected from the group consisting of hydrocarbon 
oils and titty esters. The fatty esters hereof are characterized by having at least 10 carbon atoms, 
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and include esters with hydrocarbyl chains derived from fatty acids or alcohols, e.g., mono-esters, 

polyhydric alcohol esters, and di- and tri-carboxylic acid esters. The hydrocarbyl radicals of the 

fatty esters hereof can also include or have covalently bonded thereto other compatible 

functionalities, such as amides and alkoxy moieties (e.g., ethoxy or ether linkages, etc.). 

5 Hydrocarbon oils include cyclic hydrocarbons, straight chain aliphatic hydrocarbons 

(saturated or unsaturated), and branched chain aliphatic hydrocarbons (saturated or unsaturated). 

Straight chain hydrocarbon oils wilt preferably contain more than 16 carbon atoms. Also 

encompassed herein are polymeric hydrocarbons of alkenyl monomers, such as C--C^ alkenyl 

2 6 

monomers. These polymers can be straight or branched chain polymers. The straight chain 
10 polymers will ^ically be relatively short in length, having a total number of carbon atoms as 
described above for straight chain hydrocarbons in general. The branched chain polymers can have 
substantially higher chain length. The number average molecular weight of such materials can vary 
widely, but will typically be at least about 400, preferably at least about 500, more preferably at 
least about 600. Specific examples of suitable materials include paraffm oil, mineral oil, and 
15 mixtures thereof. Branched-chain isomers of these compounds, as well as of higher chain length 
hydrocarbons, can also be used. Exemplary branched-chain isomers are highly branched saturated 
or unsamrated alkanes, such as the permethyl-substituted isomers, e.g., the permcthyl-substituted 
isomers of eicosane, such as 2, 2, 4, 4, 6, 6, 8, 8-IO-nonybnethylundecane, sold by Permethyl 
Corporation. A preferred hydrocarbon polymer is polybutene, such as the copolymer of 
20 isobutylene and butene. A commercially available material of this type is L-14 polybutene from 
Amoco Chemical Co. (Chicago, Illinois, U.S.A.). 

Monocarboxylic acid esters hereof inlude esters of alcohols and/or acids of the formula 
R*C0OR wherein alkyl or alkenyl radicals and the sum of carbon atoms in R' and R is at least 10, 
preferably at least 20. 

25 Fatty esters include, for example, alkyl and alkenyl esters of fatty acids having aliphatic 

chains with from about 10 to about 22 carbon atoms, and alkyl and alkenyl fatty alcohol carboxylic 
acid esters having an alkyl and/or alkenyl alcohol-derived aliphatic chain with about 10 to about 22 
carbon atoms, and combinations thereof. Examples include isopropyl isostearate, hexyl laurate, 
isohexyl laurate, isohexyl palmitate, isopropyl pabnitate, decyl oleate, isodecyl oleate, hexadecyl 

30 stearate, decyl stearate, isopropyl isostearate, dihexyidecyl adipate, lauryl lactate, myristyl lactate, 
cetyl lactate, oleyl stearate, oleyi oleate, oleyl myristate, lauryl aceute, cetyl propionate, and oleyl 
adipate. 

The mono-carboxylic acid ester however need not necessarily contain at least one chain 
with at least 10 carbon atoms, so long as the total number of aliphatic chain carbon atoms is at least 
35 10. Examples include diisopropyl adipate, diisohexyl adipate, and diisopropyl sebacate. 

Di- and tri-alkyl and aUcenyl esters of carboxylic acids can also be used. These include, 
for example, esters of C4-Cg dicarboxylic acids such as C]-C22 (preferably CpC^) of 
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succinic acid, gtutaric acid, adipic acid, hexanoic acid, heptanoic acid, and octanoic acid. Specific 
examples include isocetyl steaiyol stearate, diisopropyl adipate, and tristearyl citrate. 

Polyhydric alcohol esters include alkylene glycol esters, for example ethylene glycol 
mono and di-fatty acid esters, diethylene glycol mono- and di-fatty acid esters, polyethylene glycol 
5 mono- and di*fatty acid esters, propylene glycol mono- and di-fatty acid esters, polypropylene 
glycol monooleate, polypropylene glycol 2000 monostearate, ethoxylated propylene glycol 
monostearate, glyceryl mono- and di-fatty acid esters, polygiycerol poiy-fatty acid esters, 
ethoxylated glyceryl monostearate, 1,3-butylene glycol monostearate, U3-butylene glycol 
distearate, polyoxyethylene polyol fatty acid ester, sorbitan fatty acid esters, and polyoxyethylene 

10 sorbitan fatty acid esters are satisfactory polyhydric alcohol esters for use herein. 

Glycerides include mono-, dt-, and tri-glycerides. More specifically, included are the 
mono-, di-, and tri-esters of glycerol and long chain carboxylic acids, such as C|o*C22 carboxylic 
acids. A variety of these types of materials can be obtained from vegetable and animal fats and 
oils, such as castor oil, safflower oil, cottonseed oil, com oil, olive oil, cod liver oil, almond oil, 

IS avocado oil, palm oil, sesame oil, lanolin and soybean oil. Synthetic oils include triolein and 
tnstearin glyceryl dilaurate. Preferred glycerides are di-, and tri*glycerides. Especially preferred 
are triglycerides. 

The compositions herein can contain a variety of other optional components suitable for 
rendering such compositions more cosmetically or aesthetically acceptable or to provide them with 

20 additional usage benefits, e. g. medicinal benefits. Such conventional optional ingredients are well- 
known to diose skilled in the an, e.g., sunscreens, medicaments (e.g. anti-bacterials, anti- 
Inflamatories, anti-acne actives, etc.), colors and dyes, perfumes, peariescent aids, such as ethylene 
glycol distevate; preservatives, such as ben:^l alcohol, methyl paiaben, propyl paraben and 
imtdazolidmyl urea; thickeners and viscosity modifiers, such as a diethanolamide of a long chain 

25 forty acid (e.g., PEG 3 lauric diethanolamide), cocomonoethanol amide, dimethlcone copolyols, 
guar gum, mediyl cellulose, starches and starch derivatives; fatty alcohols, such as cetearyl alcohol; 
sodium chloride; sodium sulfate; polyvinyl alcohol; ethyl alcohol; pH adjusting agents, such as 
citric acid, sodium citrate, succinic acid, phosphoric acid, sodium hydroxide, sodium carbonate; 
salts, in general, such as potassium acetate and sodium chloride; coloring agents, such as any of the 

30 FD&C or D&C dyes; hair oxidizing (bleaching) agents, such as hydrogen peroxide, perborate and 
persulfitte sahs; hair reducing agents, such as the thioglycolates; perfumes; sequestering agents, 
such as disodtum ethylenediamine tetra-acctate; and polymer plasticizing agents, such as glycerin* 
diisobutyl adipate, butyl stearate, and propylene glycol. Such optional ingredients generally are 
used individually at levels of fnun about 0.01% to about 10.0%, preferably from about 0.05% to 

35 about 5*0%, of the composition. 

The pH of the present compositions generally will be between about 3 and about 9, 
preferably between about 4 and about 8. 
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As with all compositions, the present invention should not contain components which 
unduly interfere with the performance of the compositions. 

The hair care compositions of the present invention can be made using conventional 
formulation and mixing techniques. Methods of making various ^pes of cosmetic compositions 
5 are described more specifically in the following examples. 
Method of Using Hair Care Compositions 

The hair care compositions of the present invention are used in conventional ways to 
provide the desired benefit appropriate to the product such as hair styling, holding, cleansing, 
conditioning and the like for hair care compositions. Such methods of use depend upon the type of 
10 composition employed but generally involve application of an effective amount of the product to 
the hair, which may then be rinsed from the hair (as in the case of shampoos and some conditioning 
products) or allowed to remain on the hair (as in the case of spray, mousse, or gel products). By 
"effective amoimt" is meant an amount sufficient to provide the benefit desired. Preferably, hair 
rinse, mousse, and gel products are applied to wet or damp hair prior to drying and styling of the 
15 hair. After such compositions are applied to the hair, the hair is dried and styled in the usual ways 
of the user. Hair sprays are typically applied to dry hair after it has already been dried and styled. 

The following examples further illustrate preferred embodiments within the scope of the 
present invention. The examples are given solely for the purposes of illustration and are not to be 
construed as limitations of the present invention as many variations of the invention are possible 
20 without departing (rom its spirit and scope. 

EXAMPLES 

The following examples further describe and demonstrate embodiments within the scope 
of the present invention. The examples are given solely for the purpose of illustration and are not 
to be consntied as Imiltattons of the present invention, as many variations thereof are possible 
25 without departing from the spirit and scope of the invention. 
Ingredients are identified by chemical or CTFA name. 

EXAMPLE 1 

Synthesis of Acrvlovl Encaoped Polvisobutvlene Macromonomer 

Prepare hydroxyl endcapped polyisobutylene polymer (PIB-OH) having a weight average 

30 molecular weight of about 4,172 g/mol by conventional living carbocationic polymerization of 
isobutylene (for example, as described in G. Kaszas, Poly. Bull., 20, 413 (1989). Prepare a solution 
of 100 grams (0,024 mol) of the (PIB-OH) in 300 grams dry methylene chloride. Add a two fold 
mole excess (4.84 g, 0.048 mol) triethyiamine to the solution. Add this solution dropwise to a 
solution of acryloyl chloride (4.35 g, 0.048 mol) in dry methylene chloride (100 g) at 0 ®C. Stir for 

35 about 12 hours at room temperature, filter the mixture and evaporate the excess triethyiamine and 
methylene chloride to obtain acryloyl endcapped polyisobutylene macromonomer. 
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EXAMPLE 2 

0} Synthesis of Polvftert-butvl acrvlateVgraft-fDoIvnsobutviene^ macromonomerl (80/20 w/w); 
total graft copolymer weight average molecular weight of 100,000; macromonomer weight 
average molecular weight 5000. 
5 To a solution of 20.0 grams of acryloyl endcapped poly(i$obutylene) macromonomer of 

Example 1 , and 80 grams of tert-butyl acrylate in 500 mL of tetrahydrofuran, add 0.5 grams of 
azoisobutryonitire (AlBN) initiator. Reflux the resulting solution for about 20 hours, then quench 
the reaction by the addition of about 5 mL of methanol. Pour the solution into a teflon pan and 
evaporate the tetrahydrofuran at room temperature under a fiime hood. Redissolve the resulting 
10 polymer Aim in THF and precipitate in water. Dry the resulting polymer in a vacuum oven. 

Alternatively, by varying the monomers and macromoners used, this general procedure is 
used to prepare other copolymers of the present inventi(m: 

m Polvr4-tert-butvl stvreneVeraft-fDolvrisobutvlene^ macromonomerl (70/30 w/w); total polymer 
weight average molecular weight of 150,000; macromonomer weight average molecular weight 
IS 3000. 

Polvff4-tert-butvl stvreneVgraft>[iK)lv(2-ethvlhexvl methacrvlate^ macromonomerl (80/20 
w/w); total polymer weight average molecular weight of 150,000; macromonomer weight average 
molecular weight 10,000. 

(iv) Polvr(tert-butvl acrvlate-co-stvrene>*graft-fpolv(isobutvlene) macromonomerl (60/20/20 
20 w/w/w); total polymer weight average molecular weight of 100,000; macromonomer weight 
average molecular weight 5000. 

EXAMPLES 3-5 

The following hair styling/conditioning rinse compositions are representative of the present 
invention. 



ComDOshion 
Conditioner Premix 


wt.% 


4 

wt.% 


wt,% 


Water 


q.s. 


q.s. 


q.s. 


Citric Acid 


0.02 


0.02 


0.02 


Sodium Citrate 


0.09 


0.09 


0.10 


Cetyl Alcohol 


0.12 


0,12 


0.12 


Stearyl Alcohol 


0.08 


0.08 


0.08 


Natrosol Plus CS Grade 


1.02 


1.00 


0.99 


XanthanGum^ 


0.25 


0.25 


0.25 


Stvlins Polvmer Premix 








Graft Copolymer from Example 20) 


1.75 


1.75 


1.75 


Permethyl 99A 


8.54 


8.54 


8.54 


Trimethybiloxysilicate 


0.11 


0.11 


0 
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Kathon CG 


0.03 


0.03 


.0.03 


Perfume 


0.33 


0.33 


0.33 


Silicone Premix 








DRO Water 


9.4S 


9.48 


8.57 


5 Adogcn4704 


0.70 


0.60 


0.93 


Adogen 471 ^ 


0.05 


0.15 


0.07 


£)ecamethyl cyclopentasiloxane/ 








Polydimethyl Siloxane Gum^ 


1.67 


1.67 


2.33 


Trimethylsilyl Amodimethicone 








10 (Dow Coming Q2-8220) 


0.10 


0.10 


0.10 


Surfactant Prennix 








DRO Water 


5.70 


5.70 


5.70 


StearaUconium Chloride 


0.30 


0.30 


0.30 


^Hydrophobically modified hydroxyethyl cellulose from Aqualon Corp. 







15 ^Readily dispersible xantham gum 

^SE-76 gum available Fnnn General Electric 

^Ditallow dimethyl ammonium chloride, Sherex Chemical Co., Dublin, Ohio, USA; 75% aqueous 
solution 

^Tallow trimethyl ammonium chloride, Sherex Chemical Co.; 50% aqueous solution. 



20 Prepare the silicone premix by combining and mixing (in a separate vessel) water, Adogen 

470 and Adogen 471 at 85^C. Cool to 71^C and add the silicone gum/decamethyl 
cyclopentasiloxane solution and Amodimethicone; mix until homogeneous. Cool to 399C while 
using homogenizer (such as Tekmar). 

Prepare the surfEictant premix by combining and mbcing (in a separate vessel) water and 

25 Stearalkonium Chloride at 380C. 

Prepare the conditioner premix by combining and muting (in a separate vessel) the DRO 
water heated to 7 PC, adding the Citric acid, sodium citrate, cetyl alcohol, stearyl alcohol and 
Natrosol Plus CS grade D-67, and mixing until homogeneous. Add the xanthan gum and mix until 
homogeneous. 

30 Prepare the styling polymer premix by combining and mixing (in a separate vessel) the 

graft copolymer, Permethyl 99A, and Trimethylsiioxysilicate until homogeneous. 

Combine and mix the styling polymer premix, Kathon CG and periiune until 
homogeneous. Further disperse the mixture with an in-line homogenizer (such as Tekmar 
homogenizer) and then cool the mixture to 38X. Complete the conditioner by adding the 
35 conditioner premix, the silicone premix and the surfactant premix at 38*C. Mix until 
homogeneous, then cool the composition to 25X. 

Apply the compositions defined in Examples 3-5 to the hair in the conventional manner to 
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provide effective hair conditioning and styling/hold benefits without leaving the hair with a 
sticky/stifTfeel. 

EXAMPLE 6 

Polymer Premix with added Drying Aid 
5 Prepare the following polymer premix utilizing conventional mixing techniques. 

Ingredients 

Weight % 

Graft Copolymer from Example 2(ii) 1 6.83 

Permethyl99A 83.17 
10 Trimethylslloxysilicate I.OO 

Prepare the polymer premix by adding the graft copolymer to the Permethyl 99A while 
mixing. Heat to 80-84*^ C in a covered vessel, maintaining mixing. Cool to 23-27X and add 
trimethylsiioxysiJicate while mixing. 

EXAMPLE 7 

15 Polymer Premix with added Drying Aid 

Prepare the following polymer premix utilizing conventional mixing techniques. 
Ingredients Weight % 

Graft Copolymer from example 2(iv) 1 5,00 

Isododecane 83.50 
20 Polydimethylsiloxane 1.50 
(Dow Coming, Dow Coming 200 Fluid (20 csk)) 

Prepare the polymer premix by adding the graft copolymer to the isododecane while 
mixing. Heat to 80-84X in a covered vessel, maintaining mixing. Cool to 23-27X and add 
polydimethylsiloxane while mixing. 

25 EXAMPLE 8 
Hair Conditioner 

Prepare a rinse-off hair conditioner composition from the following components utilizing 
conventional mixing techniques. 

inffgtfCTt WeiRht% 

30 .A B 
Styling AR^nt Premix 

Copolymer Premix of Example 7^ 10.00 10.00 



Silicone Premix 
Silicone gum, G 

35 Octamethyl cyclotetrasiloxane 1.70 1.70 



2 

Silicone gum, GE SE76 0.30 OJO 
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Main Mix 

Water QSlOO QSlOO 

Cetyl Alcohol 1.00 

Quatemium 18^ 0.85 0.85 

5 Stearyl Alcohol 0.70 — 

Hydroxyethyl Cellulose 0.50 — 

4 

Cetyl Hydroxyethyl Cellulose — 1.25 

Ceteareth-20 0.35 — 

Fragrance 0.20 0.20 

10 Dimethicone copolyol 0.20 — 

Citric Acid 0,13 0.13 

Methylchloroisothiazolinone (and) 

methylisothiazolinone 0.04 0.04 

Sodium Chloride 0.01 0.01 

15 XanthanGum — 0.20 

Prepare the conditioner by first comixtng all the Main Mix ingredients, heating to about 

60^C with mixing. Cool the mixture to about 45^C with colloid milling (Example A) or mixing 

(Example B). At this temperature, add the two premixes separately with moderate agitation. Allow 

the resulting conditioner to cool to room temperature. 

20 1 Alternatively, conditioner compositions are prepared with polymer premixes from Example 2(ii) 

and 2(iii). 
2 

Commercially available from General Electric. 

3 

Dimethyl Di(Hydrogenated Tallow) Ammonium Chloride 

4 

Commercially availabe as Polysurf D-67 irom Aqualon. 
25 EXAMPLE 9 

Shampoo Composition 

Prepare a shampoo ccmiposition from the following components utilizing conventional 
mixing techniques. 

Ingredients Weight % 

30 Styling Agent 

Copolymer Premix from Example 7 1 5.00 

Silicone Premix 

Silicone gimi 0.50 
Dimethicone, 350 cs fluid 0.50 
35 Main Mix 

Water QSlOO 
Ammonium lauryl sulfate 1 1 .00 



38 



wo 97/33556 



FCT/US97/03604 



Cocamide MEA 2.00 
Ethylene glycol distearate 1 .00 

XanthanGum 1.20 
Methylchloroisothiazolinone (and) 
5 methylisothiazolinone 0.04 
Citric Acid to pH 4.5 as needed 

Prepare the Main Mix by first dissolving the xanthan gum in the water with conventional 
mixing. Add the remaining Main Mix ingredients and heat the mixture to 1 50*^F with agitation for 
1/2 hour. Add the Styling Agent and the Silicone Premix sequentially with about 1 0 minutes of 
10 agitation between additions; stir the entire mixture while the batch is cooled to room temperature. 
For varied panicle size, the Styling Agent and Silicone Premix are added at different times using 
either or both high shear mixing (high speed dispersator) or nonnal agitation. 

Use the shampoo for cleansing the hair and for providing a styling benefit. 
While particular embodiments of the subject invention have been described, it will be 
15 obvious to those skilled in the art that various changes and modifications to the subject invention 
can be made without departing from the spirit and scope of the invention, it is intended to cover, in 
the appended claims, all such modifications that are within the scope of the subject invention. 
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WHAT IS CLAIMED IS: 

1. A hair caie composition characterized in that it comprises: 

(A) a graft copolymer having a polymeric backbone and a hydrophobic polymeric side 
diain grafted to said backbone, said copolymer formed from the oopolymerization of 
randomly repeating A monomer units and at least one B macromonomer unit wherein said 
copolymer comprises: 

(i) from 30% to 93% by weight of said A monomer units, wherein said A 
monomer units are monomer units, prefer^ly ett^lenically unsaturated monomer 
units, copolymerizable with said B macromonomer units; and 

(ii) from S% to 70% by weight of said B macromonomer units, wherein said 
B macromonomer units are hydrophobic macromonomer units having a polymeric 
portion and a moie^, preferably an ethylenically unsaturated moiety, 
oqiolymeiizable with said A monomer units; 

wherein said A monomer units, in conjunction with said cc^lymerizable moieties of said 
B macromonomer units, form said backbone, the Tg corresponding to said backbone 
having a value of at least 25''C; 

wherein said polymeric portion of said B macromonomer unit forms said hydrophobic side 
chain, the Tg corresponding to said side chain having a value of less than lO^C; 
wherein said copolymer has a weight average molecular weight greater than 10,000; and 

(B) a hydrophobic, volatile solvent for said copolymer, said solvent selected from the 
grotq) consisting of branched hydrocarbons, silicones and combinations thereof, 

said composition preferably conq)rising from 0.1% to 25% of said copolymer and from 
0. 1% to 75% of said solvent 

2. A composition according to Claim 1 wherein said A monomer units comprise hydrophobic 
monomers selected from the group consisting of acrylic acid esters; methacrylic acid esters; 
N-alkyl acrylamides; vinyl compounds, viiiyUdene compounds; unsaturated hydrocarbons; 
C^-C^g alcohol esters of organic acids and organic acid anhydrides; and combinations 
thereof, 

preferably selected from the group consisting of: acrylic or methacrylic add esters of €]• 
Cig alcohols, dicycl(H)entenyl aaylate, 4^Hphenyl aoylate, pentachlorophenyl acrylate, 
3,5-diinethyladaniantyl acrylate, 3,5-dimethyladamentyl methaciylate, 4- 
mcthoxycarbonylphenyl methaciylate, trimethylsilyl methacrylate, styrene, alpha- 
methylstyrene, t-butylstyrenc, vinyl acetate, vinyl neononanoate, vinyl pivalate, vinyl 
propionate, vinyl chloride, vinyiidene chloride, vinyl toluene, isobutyl vinyl ether, s-butyl 
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vinyl ether, butadiene, cyclohexadiene, bicyclohepladiene. 2,3-dicarboxylinethyl-1.6- 
hcxadtene, ethylene, propylene, indene, noibomylene, p-pinene, a-pinene. and 
combinations thereof, 

more preferably selected from the group consisting of n-butyl methaciylate, isobutyi 
methaciylate, t-butyl aciylatc, t-butyl methaciylate. 2<thylhexyl methaciylate, methyl 
methaciylate, indene, noiboraylene, P-pinene, a-pincne, viiiyl ptvalate, viiiyl 
neononanoate, dicyclopentenyl aaylate, 4-biphenyl aciylate, pentachlorophenyl aciylate, 
3,5-dimcthyladamantyI acrylatc, 3.5-dimcthyladamcntyl methaciylate, 4- 
methoxycaibonylphenyl methaciylate, trimethylsily] methaciylate, t^)utyl styiene and 
combinations thereof, 

even more preferably selected from the group consisting of t-butyl styrene. t-butyl aciylate, 
t-butyl methaciylate, and combinations thereof 

A composition according to Claims i or 2 wherein said A monomer units fimher comprise 
l^drophilic monomeis selected from the group consisting of ii«jHituratfd organic mono- 
and pdy. caiboxylic acids, (meth)aciylaroides, (meth)aciylates, (ineth)aciylate alcohols, 
organic acid anhydrides, esteis of organic acid anhydrides, hydrofdulic vinyl compounds, 
hydrof^iic allyl compounds, hydrophilic imides, salts of the foregoing compounds, and 
con^inations thereof. 

A composition according to any of the preceding Claims wherein said B macromonomer 
units are of the formula (I) or (II): 
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z 

1, 

wherein 

R^f R^, R?, and R^ ait, indqxndent^, H or C| to C5 straight or blanched alkyl 
group; 

R^-HorCitoCgall^l 
R''-C4toCig 




or 



I and k are, independently, an integer of 1 or greater, 
j and I are, indq)endently, an integer of 0 or greater, 
m is an integer from 10 to 2000; 

£ is an ethylenically unsaturated endcapping group copolymerizable with said A monomer 
units, selected from the group consisting of aciylamide, methaciylamide, vinyl, allyl, 
aciyloyl, methaciylayl ethacryloyl, 2-vinylben2yl, 3-vinylbenzyl, 4-vinylbena7l. 2- 
vinylbenzt^U 3»viiiylbettzpyl, 4*vii^lbenzoyl, 1-buleayl, l^iropenyl, isobutenyl, isoprei^l, 
cydohexenyl, cylcopentenyi, and combinations thereof, 

preferably selected from the group consisting of vinyl, allyl, aciyloyl, methaciyloyl, 
ethacryloyl, 3-vinyIbenzyl, 4-vinylbenzyl, 3-vinylbenzpyI, 4-viii^benzoyl, l-butenyl, 1* 
propenyl, isobutenyl, and combinations thereof; 

more preferably selected from the group consisting of vinyl, allyl, aciyloyl, methaciyloyl, 
ethacryloyl, 3«vinylben2yl, 4>vinylben^l, and combinations thereof, and 
I is a chemical initiator moiety. 
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The composition according to Claim 4 wherein said B macromonomer units are selected 
from the group consisting of aciyloyl, methacryloyl, or 2-,3- or 4-vinyl benzyl endcapped 
polymers of: methacrylic or acrylic acid esters. poly(alkenes). hydrogenated poly(alkenes), 
po]y(viiiyl ethers), poly(vinyl benzenes), and combinations thereof, 
preferably selected fiom the group consisting of acryloyi, methacryloyl, or 2-,3- or 4-vinyl 
benzyl endcapped polymers of: poly(n-biityl acrylatc). p(riy(dodecyl acrylate), poly(2- 
ethylheiQrl aciylate). poly(2^IbuQrl aoylate) , poly(n-ethyl acrylate), poly(n-hcptyl 
acrylatc), poly(n.hexyl acryhite), poly(i8o4mlEyl actytole). po]y(isoHieQrl aciylate), poly(iso- 
propyl aciylate), poly(3-mcthyIbutyl aciylate), poly(2-methylpent)i aciylate), poly(noiiyl 
acrylate), poly(octyl aciylate), poly(propyl acrylatc). poly (2-cthylhexyl methaciylate), poly( 
tridecyl rocthacrylatc), poly(hexyl rocthacrylate), poly(dccyl methacrylate), poly(octyl 
mcthacrylate), poly(octadccyl methaciylate), poly(dodecyl methaciylate). poly(n-pcniyl 
methaciylate), poly(isobutylcnc), poly(isoprcnc), hydrogenated poly(l,2-butadiene), 
hydrogenated poly(l,4-butadiene), hydrogenated poly(isoprene), poly{l,2-butadiene), 
poIy(l*utcnc), poly(5-niethyM-hexcne), poly(6-methyl.i-hcptene), poly(4,4-dimcthyl-U 
pentene), poly(iso^l vinyl ether), polyf 4-j-buQrl vinyl benzcne-co-2<<thylhe]Qr| aciylate], 
po]y[2<thylhexyl acrylate-co^l aciylamide), poly[2-ethyl viiiyl benzene<0Hictyl 
methaciylate)], and combinations thereof 

A composition according to ai^ of Claims 1-3 and 5 wherein said graft cqwlymer is 
selected from the group consisting of I^ly[po]y(ten4>utylaciylate)-graft-poly(isobuQrlene) 
macromonomer], Poly[poly(4-tcrt-butylstyr€nc).graft-poIy(isobutylene) macromonomer), 
Polyf(4-tcrt-butyIstyrenc)-graft-poly(2-ethylhexyl mcthacrylate) macromonomer|. 
IH)Iy[(tcrt-butylaciylate<o-styrene)-grafti)oly(isobut)rlenc)J, and combinations thereof 

A composition aooordiog to any of the preceding Claims wherein said solvent is selected 
from the gnmp consisting ofbrancfaed chain hydrocarbons containiiig from 10 to 16 carbon 
atoms, preferably fiom 12 to 16 carbon atoms, and combinations thereof; more preferably 
comprising isododecane, 

A composition according to any of Claims 1-6 wherein said solvent is a silicone. 

The composition according to any of the preceding Claims further comprising an aqueous 
carrier for said graft copolymer and said solvent. 
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10. A method for styling and/or conditioning hair comprising applying an effective aniovnt of 
the composition of any of the preceding Claims to the hair. 
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